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Large Ultrasonic Wind Tunnel Installed 
94FE0741D Tokyo KOGIKEN NYUSU in Japanese 
Apr 94 pp 2-3 


[Text] As of the end of March of this year, the installation of 
the main unit and principal equipment for the 127cm 
large-scale ultrasonic wind tunnel that has been under 
construction since FY91 (See Figure | - Refer also to No. 
390 of Kogiken Nyusu) was completed on schedule, and we 
have commenced on-site adjustment work in preparation 
for trial running. We are hurrying to complete this wind 
tunnel so it can be put to use as a fundamental piece of 
equipment in the thermal and aerodynamic testing related 
to the development of space shuttlecraft such as HOPE (H-2 
rocket-launched winged recovery vehicle), Japan’s version 
of the Space Shuttle. When this wind tunnel is co: :pleted 
here at the Nationa! Aerospace Laboratory (NAL), Japan 
will possess one of the largest ultrasonic wind tunnels in the 
world, rivalling the large-scale ultrasonic wind tunnel in the 
United States. 


Constructing a wind tunnel of this nature requires that a 
wide range of technologies and knowhow be put to use, 
such as nozzle design technology for generating precise, 
uniform ultrasonic flow, and non-steady heat design 
techniques, plus the solving of numerous design prob- 
lems. We would like to take this opportunity to describe 
some of the main features of this wind tunnel’s design. 


This large-scale ultrasonic wind tunnel is equipped with a 
200-atmosphere high-pressure air storage device at the 
extreme upstream end and a huge vacuum tank at the 
extreme downstream end, with a heater, nozzle, measuring 
room and diffusion cylinder lined up in that order in 
between. Compressed air adiabatically expanded and accel- 
erated inside the nozzle flows through the nozzle into the 
evacuated measuring room, where it is generated into a 
Mach 10 airflow. This ultrasonic airflow is maintained for a 
maximum of one minute until the pressure inside the 
vacuum tank rises and the compressed air pressure drops. 
This type of wind tunnel is called an intermittent blowdown 
tunnel. The property by which the adiabatically expanded 
gas (air) simultaneously generates a severe drop in temper- 
ature finds wide application in our daily lives, the refriger- 
ator being the most obvious example of this. In the case of 
ultrasonic wind tunnels, however, this property gives rise to 
the very troublesome problem of airflow liquification, 
which arrests the generation of ultra-highspeed air current. 
Therefore, it isn’t overstating the case to say that the biggest 
task in designing an ultrasonic wind tunnel is the non-steady 
heat design of the overall tunnel with the objective of 
preventing airflow liquification and achieving a uniform 
airflow. 


This large-scale 127cm wind tunnel for use in development 
work was installed juxtaposed to an existing 50cm ultra- 
sonic wind tunnel (Mach number 5-11) used for research 
purposes, and to operate the two.tunnels with the highest 
degree of efficiency, they both make use of the same existing 
heater. As a result, heat exchange takes place in the heat 
reservoir of the heater, and the super-heated air (1,000°C) is 
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Figure 1. The Large-scale Ultrasonic Wind Tunnel 
Viewed from Upstream 





guided to the newly-installed large-scale wind tunnel via a 
10-meter-long high-temperature high-pressure pipe. To sup- 
plement the heat lost to turbulence inside this long pipe, 
heating and heat reserves are accomplished by a preheating 
burner located at the end of the pipe. 


Doubling data productivity is a major objective of the new 
large-scale wind tunnel. Whereas an airflow is generated 
roughly twice a day in the existing wind tunnel, the goal is to 
generate airflows five ‘mes a day in the new tunnel. There- 
fore, since the heater will be operated twice as often, a 
temperature inversion will be formed inside the heat reser- 
voir, by which heat radiation from the surface of the 
reservoir will keep the surface temperature low while main- 
taining peak temperature inside the reservoir, enabling it to 
be left as-is until the next day without lowering the temper- 
ature even after airflow operation is complete. However, 
because this approach gives rise to temperatures in excess of 
the heat resistance tolerance of the metal lattice at the 
bottom of the heat reservoir when heating commences, 
improvements must be made to ensure proper temperature 
distribution prior to combustion. 


We therefore designed a heating system to solve this 
problem. In designing this heating system, we employed 
a supercomputer to make precise calculations con- 
cerning the nozzle, to calculate heat exchange efficiency 
and heat loss inside the heater and to compute heat 
reserves and heat losses inside the 10-meter-long pipe. 
Based on these heat analyses and combustion simula- 
tions, we designed the system so that air is circulated 
inside the heater for an hour prior to that day’s initial 
operation of the tunnel, thereby improving the temper- 
ature distribution inside the heat reservoir before firing 
up the heater. The preheating burner simultaneously 
heats up the high-temperature pipe for | and '2 hours. 
When the wind tunnel is started up after these prepara- 
tions, in a matter of five seconds, the airflow achieves a 
constant operational design temperature of 800°C. 
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Other major items incorporated into the design of this 
wind tunnel are listed below: 


By incorporating an engineering workstation into the 
tunnel operational control apparatus, the operational 
control system can be configured with software, and 
the commands and operations needed to control the 
operation of the tunnel can be readily carried out 
from a CRT touch panel while monitoring the screens 
displayed on that computer’s CRT, an approach 
designed to enhance operator workability; 
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The large-scale wind tunnel is permanently equipped 
with a model support apparatus with a function that 
enables the model to be input at ultra-high speed (0.2 
seconds), making it possible to readily measure the 
heating rate using a large test model; 

The jet catcher (Figure 2) is constructed to allow back 
and forth movement, enabling it to be set at the 
optimum location in relation to the test model; and 

The tunnel is equipped with a large measuring room, 
making it easy to access the test model. 
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Figure 2. Concept of Model Support Apparatus and Jet Catcher on Large-scale Ultrasonic Wind Tunnel 
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The installation and outfitting of this large-scale. wind 
tunnel is being done in accordance with Space Develop- 
ment Program (March 1993, Space Development Com- 
mittee), and construction is being carried out by the 
main contractor, Mitsubishi Heavy Industries, with the 
participation of Kawasaki Heavy Industries and others. 


Research on Next Generation Navigation System 


94FE0741E Tokyo KOGIKEN NYUSU in Japanese 
Apr 94 pp 5-7 


[Text] We initially began research into inertial naviga- 
tional guidance nearly 30 years ago, and in that time, 
we've been able to practicalize both component and 
system technologies. We are currently researching a 
compound navigation system comprised of multiple 
sensors for use as a guidance control system for future 
aerospace craft during approach and landing. The basic 
concept behind this system calls for using inertial mea- 
suring unit (IMU), differential global positioning system 
(DGPS) and radio altimeter (RA) sensors that have been 
combined to best accomodate the flight mission or flight 
phase for which the system is being used. Figure | 
provides a conceptual diagram of how this multi-sensor 
compound navigation system will be configured. 
Looking toward the future, we are also studying a means 
of minimizing the affects of gravity anomalies by 
employing gravitational vectors, which would be mea- 
sured in real-time aboard the aircraft using a gravity 
gradiometer, in inertial navigational computations. A 
multi-sensor compound navigation system configured in 
this way will make the most of each sensor’s special 
characteristics to create an optimal system, and at 
present, we are pushing forward with research on a 
DGPS-IMU compound navigation system. 


IMU can be utilized for autonomous navigation regard- 
less of flight phase or flight conditions, but navigational 
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error with the IMU is dependent on configuration sensor 
(gyroscope, accelerometer) error, and increases over 
time. For example, the error factor with high precision 
gyroscopes currently in use is around 0.01deg/hr, which, 
when converted to navigational error, is equivalent to 
INm/hr. GPS can maintain high precision over long 
periods of time, and if used in the differential mode, 
since it can eliminate the effects of selective availability 
(SA), atmospheric layer delays, and orbital calendar 
error, is capable of markedly enhancing navigational 
accuracy to within a few meters. However, when the 
GPS antenna is in the shade of the wing, the radio wave 
is cut off, and the system cannot be used continuously 
due to satellite maneuvers and/or malfunctions. DGPS- 
IMU compound navigation makes use of the comple- 
mentary relationship between the various strong and 
weak points inherent in DGPS and IMU. Here at the 
National Aerospace Laboratory (NAL), we have been 
using the testcraft Dornier DO-228 to carry out flight 
validation research on a DGPS-IMU compound naviga- 
tion system comprised of a Navcore-!1 GPS receiver, 
IMU-equipped inertial navigation device and onboard 
computer aboard the aircraft and a newly-installed GPS 
receiver (Navcore-1) at our ground station. Flight testing 
has been conducted out of Sendai Airport, where we can 
make use of a laser tracker that orients navigational 
output criteria (This laser tracker belongs to the Elec- 
tronic Navigation Research Institute (ENRI)). We have 
been downloading the various data stored in the air- 
craft’s computer and processing it in our ground com- 
puters after flight tests. We also have our sights set on 
constructing a practical next-generation navigation 
system, and based on the results of this post-flight data 
analyses, we have been making progress with research on 
a system that enables IMU sensor error predictions and 
navigational computations to be performed by the air- 
craft’s onboard computer. 
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Figure 1. Conceptual Diagram of Configuration of Next-generation Compound Navigation System 
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As an example of the flight test evaluations we have been 
doing on the DGPS-IMU compound navigation system, 
Figures 2 and 3 show the positioning error exhibited by 
this system as compared to that exhibited by a stand- 
alone IMU navigation system during orbit flight (right), 
orbit flight (left) and approach flight. 5Rx, 5R_ and dh 
stand for north, east and altitude (height) positioning 
error, respectively. GPS time is a common time system 
employed by the GPS system, and the figures represent 
the number of seconds that have elapsed since 12:00 
midnight (GPS time) on the previous Sunday (recalcu- 
lated every week). The total navigational error indicated 
in Fieure 2 corresponds to the 9 (!deg/hr error of the 
IMU’s built-in gyroscope, but by combining the IMU 
with the DGPS, the IMU navigational error drops to the 
level of the DGPS navigational error (Figure 3). The 
dotted lines in Figures 2 and 3 indicate those areas where 
laser tracker data could not be obtained. 


Research on multi-sensor compound navigation systems 
aimed at applications in high-performance landing guid- 
ance control systems for private planes and space craft is 
being undertaken at the Langley Research Center of the 
United States’ National Aeronautics and Space Admin- 
istration (NASA) and the Braunsbike(phonetic) Univer- 
sity of Engineering in Germany, as well as by related 
U.S. and German research institutes. These institutions 
have reported that the results of flight test evaluations 
carried out on their systems to date have indicated that 
horizontal and vertical distance error (1c) can be low- 
ered to under 2.7M and 4.5M, respectively, with a 
DGPS-IMU compound navigation system, and to under 
2.7M and 0.6M, respectively, with an RA-DGPS-IMU 
compound system. These figures indicate a significantly 





higher degree of precision than has thusfar been 
achieved by NAL (See Figure 3). We are presently in the 
process of constructing a DGPS-IMU compound navi- 
gation system that utilizes a high-performance GPS 
receiver (Trimble 4000sse), and we belive this system 
will be capable of lowering positioning error to within 
several meters. 


As can be seen from the preceding, NAL is currently in 
the process of researching compound navigation sys- 
tems. We intend to study the use of newly-developed 
navigational sensors, and to construct the ultimate in 
navigation systems in future. In advancing this kind of 
research, the key points to be stressed are the enhance- 
ment of system technologies, including the optimization 
of navigational filters, and making each of the compo- 
nents (gyroscope, accelerometer, GPS receiver and 
onboard aircraft computers) more compact and light- 
weight, capable of higher performance and enhanced 
flexibility. 


This research is part of the “MLS Navigation System 
Flight Tests (Do-228 Landing Navigation System Flight 
Tests)” being carried out jointly by ENRI, the National 
Space Development Agency (NASDA), NAL’s Control 
and Flight Test Divisions, and the Toshiba Corporation. 


Carbon/Polyimide Heat Resistance Composites for 
HOPE 

94FE0741A Tokyo KOGIKEN NYUSU in Japanese 
Mar 94 pp 2-3 


[Text] Carbon/polyimide composites are expected to 
find application as heaé-resistant lightweight stru tural 
materials. The operating temperature limits of these 
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composites are thought to range from between 430- 
480°C for a duration of roughly one minute to between 
180-230°C when shooting for a time duration of 100,000 
hours. With properties such as these, this material is a 
strong candidate for use in the structures of missiles, that 
are used once, and then only for several minutes; space 
shuttles, which are designed to fly 100 or more missions; 
jet engine parts, that are required to operate several 
thousand hours; advanced fighter aircraft, that must 
have service lives of around 10,000 hours; and super- 
sonic transports (SST), that must be durable enough to 
operate between 50,000-100,000 hours. 


As part of the HOPE-related joint research we here at the 
National Aerospace Laboratory (NAL) are doing in 
cooperation with the National Space Development 
Agency (NASDA), we are evaluating the strength at 
elevated temperatures of a carbon/polyimide composite 
to determine the feasibility of applying this material to 
HOPE’s main structures. The material being evaluated is 
a composite of T800H, an up-and-coming new genera- 
tion carbon fiber for structural use, and PMR-15, a 
highly evaluated polyimide resin. Results of tests con- 
ducted to date indicate that the preliminary upper oper- 
ating temperature limits of this composite are 260°C 
with a load-bearing structure and 300°C with a non- 
load-bearing structure. 


For these tests, we used round notched specimens man- 
ufactured from a semi-isotropic (45/0/-45/90),,- 32-ply 
laminate. Even when a structure is comprised of a 
composite material, it cannot be bonded using adhesive 
bonding alone, but must make use of rivets and bolts as 
well. Rivetted and/or bolted locations on a structure 
form weak points, where internal stress builds up. The 
specimens, therefore, simulated rivetted/bolted struc- 
tural locations. Compressive load, against which resin- 
reinforced plastic-based composites are weak, was 
applied to the specimens. Studies have yet to be done on 
what type of variances this material exhibits at elevated 
temperatures, but variance of strength at elevated tem- 
peratures is important to structural design. This is 
because if we assume that strength variance at high 
temperatures is greater than at normal temperatures, we 
must provide for large high temperature strength mar- 
gins, which lessens the effectiveness of employing com- 
posites and makes it impossible to achieve sufficient 
weight reduction. We therefore decided to exam com- 
pressive strength variances at normal temperatures so as 
to compare these results with the variances exhibited at 
260°C, the upper limit temperature permissible for load- 
bearing structures. At the same time, we also carried out 
six tests each at -50°C and 300°C to check compressive 
strength temperature dependence. 


Table | shows the statistical values obtained via the 
results of the tests. If you look at the mean room- 
temperature strength ratio, you see that compressive 
strength is highest at -50°C, and then declines as the 
temperature rises. At 260°C, compressive strength is 80% 
of strength at normal temperatures, and when the tem- 
perature rises to 300°C, compressive strength drops to 
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74% of normal temperature strength. We then evaluated 
material strength variance by dividing the standard 
deviation by the mean value to obtain a coefficient of 
variation. According to the figures given in the table, we 
see that the coefficient of variation at 260°C was around 
3.7%, which is an extremely low value for composite 
material strength variance. It is even lower than the 5.6% 
coefficient of variation obtained at room temperature. 
Naturally, subsequent testing will have to be carried out 
to determine whether these values hold true across the 
board, or are just one-time values obtained under the 
conditions stipulated by this test. However, at the very 
least, we can assume that variance at elevated tempera- 
tures is not intrinsically greater than variance exhibited 
at room temperature. Next, in order to study the distri- 
bution pattern, we plotted these compressive strength 
data on normal probability paper. The results are shown 
in Figure 1. The data indicated in this figure are distrib- 
uted along a straight line, and can therefore be said to 
satisfy normal distribution criteria. These data can also 
be said to be relatively good from the standpoint of 
normal distribution compatibility. 





Table 1. Nominal Statistical Values for Compressive 

















Strength 
Temper- | No. of Mean Stan- Coef- Mean 
ature Speci- Value dard fient of Room- 
(°C) mens (MPa) Devia- Varia- tempera- 
tion tion (%) | ture 
(MPa) Strength 
Ratio 
-50 6 399 14.4 3.61 1.06 
Room 18 378 21.2 5.61 1.00 
Temper- 
ature 
260 20 303 11.3 3.73 0.80 
300 6 279 11.3 4.07 0.74 




















Generally speaking, compressive strength variance in 
actual structures is greater than that exhibited at the 
specimen level due to the various factors influencing 
actual structures. Therefore, the major premise for using 
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the small variances obtained at the specimen level in the 
design of a structure is the ability to manufacture a 
defect-free structure with uniform quality. If actual 
structures can be manufactured that possess the same 
uniform quality as the specimens used in this evaluation 
process, then the characteristics obtained here can be 
used in their design. In other words, since we've indi- 
cated, at least at the specimen level, that the elevated 
temperature compressive strength variance with this 
carbon/polyimide composite is sufficiently small, we are 
now one step closer to the possibility that this material 
will be used in HOPE’s principal lightweight structures. 


Remote Control Testing foi Truss Structure 
Aboard ETS-7 


94FE0741B Tokyo KOGIKEN NYUSU in Japanese 
Mar 94 pp 3-6 


[Text] As part of our special resea’ch into spce environ- 
ment utilization, we here at the National Aerospace 
Laboratory (NAL) have been conducting research on 
telescience technologies aimed at making work done in 
orbit more efficient. One such orbital experiment cur- 
rently being pushed forward is a truss structure remote 
control testing project to be carried out aboard the 
Engineering Test Satellite 7 (ETS-7) scheduled to be 
launched by the National Space Development Agency 
(NASDA) in 1997. This project calls for using the robot 
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arm aboard the satellite to test the remote-.ontrolled 
deployment and assembly of a truss structure. The 
following is a brief overview of this project. 


An external view of ETS-7 is provided in Figure 1. This 
saiellite is designed to test rendezvous docking tech- 
nology as well as remote control technology for space 
robots. The satellite will be equipped with one robot arm 
possessing six degrees of freedom, and, using various test 
models mounted onto the robot’s test plane, this robot 
arm will be utilized to test orbital parts replacement 
techniques (ORU) and other technology development 
experiments related to orbital unmanned/remote con- 
trolled operations indispensable to future space develop- 
ment activities. 


NAL, NASDA, the Communications Research Labora- 
tory (CRL) and the Ministry of International Trade and 
Industry’s Electrotechnical Lab (ETL) will participate in 
the ETS-7 test project. 


NAL will put to good use the results of its research to 
date on deployed structures to conduct tests aimed at 
researching and developing the robot operation tech- 
nology necessary for the future construction of large- 
scale space structures such as solar power-generating 
satellites, space stations and large-scale space platforms. 
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Figure 1. External View of ETS-7 (Furnished by NASDA) 
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The two principal types of basic work that will have to be 
undertaken to construct platforms and other space struc- 
tures in outer space are the deployment of platform parts 
that have been folded up and launched into space, and 
the fitting together and assembly of platform construc- 
tion materials such as struts and joints that have been 
launched into space in the form of disassembled parts. 
Therefore, in order to use a remote-controlled robot 
aboard the ETS-” to test these two most basic types of 
platform construction work, we are developing test 
models equipped with the basic mechanisms and com- 
ponents found in working models of this kind. 


As shown in Photo 1, the model test pieces that will be 
launched aboard ETS-7 are shaped like a two-piece 
triangualr gimlet. The triangular gimlet on the bottom 
will serve as the model fo’ iesting deployment opera- 
tions. Only one of the struts fold up, and this will be used 
as the model to test remote-controlled robot deploy- 
ment/storage work. The upper triangular gimlet com- 
prises an assembly work model. And an assembly joint, 
improved to enable a one-armed robot to manipulate: a 
starbay(phonetic) strut, devised to facilitate assembly 
work performed by astronauts in outer space, will be 
mounted in one location for use as a model to test 
assembly/disassembly operations. 





Table 1. Specifications of Truss Structure Test Pieces to 
be Used in Testing Remote-Controlled Robot Construc- 
tion Operations 











Weight Approx. 20kg 

Bottom Area Equilateral triangle with 40cm 
long sides 

Height 40cm 








Truss Configurations Deployed and assembled truss 





This truss test model will be loaded aboard the ETS-7 on 
the robot’s test plane (Figure 2), where it will be used to 
test the remote-controlled operation of the satellite- 
based robot arm as it 1s controlled from earth and made 
to perform deployment/storage work and assembly/ 
disassembly work. 


For the testing program scheduled to take place aboard 
the ETS-7, NASDA is developing the satellite itself, as 
well as the basic operational equipment needed for 
testing, but when it comes to the remote-control tests to 
be performed on the truss by NAL, NAL will share 
responsibility for all phases of this program from the 
research stage through to the development and test 
operation of the test models to be loaded aboard ETS-7, 
and will be responsible for the manufacture of this test 
model. Therefore, as shown in Table 2, NAL will have to 
interface and coordinate with NASDA at every stage of 
the program, and keep pace with NASDA’s ETS-7 devel- 
opment schedvle. 


We are currently advancing the preliminary designs 
scheduled for completion by March, 1994, and are 
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(b) Configuration after completing and assembly 


work 
Photo 1. BBM Model of Deployment/Assembly Truss 
Test Piece 


pushing ahead with the breadboard model (BBM) proto- 
types shown in Photo |. Paralleling this, in order to carry 
out feasibility studies on the deployment and assembly 
work, we are using an industrial robot equipped with 
force control functions to conduct earth-based testing of 
the research model manufactured as of last year. Studies 
conducted on the required work capabilities, ability to 
achieve deployment in a restricted orbit (Figure 3) and 
required compliances indicate that the robot arm aboard 
the ETS-7 should be able to carry out the tests. 


Future plans call for us to push ahead from April with 
basic design work on the experiment model test piece in 
preparation for structural thermal model (STM) testing 


scheduled for this fall. Since the schedule calls for 
turning over to the satellite section by the fall of 1995 the 
plot flight model (PFM) for use in the actual launch, 
there 1s not much leeway in our schedule, and we will 
have to diligently push ahead with the design, manufac- 
ture and testing work from here on out. The actual 
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ment Work 





remote-controlled robot manipulation tests will be car- 
ried out following the launch of the satellite atop an H-2 
rocket in the summer of 1997. These tests are scheduled 
to be conducted over the one-and-a-half year period of 
the mission in parallel with rendezvous tests and tests 
performed by other organizations. 


Just as the assembly of the trussed keel portion of a space 
station was a principal objective of the U.S. National 
Aeronautics and Space Administration’s (NASA) Flying 
Telerobotic Servicer (FTS) program, construction work 
related to space structures is also a major target of our 
research on space robots. By carrying out the tests 
scheduled aboard the ETS-7, we will be the first in the 
world to be able to commence research and development 
of technologies designed to perform this kind of work. 


Shear Sensitive Liquid Crystal Wall Pressure 
Contour for Scramjet Nozzle 

94FE0741C Tokyo KOGIKEN NYUSU in Japanese 
Mar 94 pp 6-8 


[Text] 


Visualization of Surface Stress on Scramjet Nozzles 
Using Shear Sensitive Coating. 


Scramjets flying at high Mach numbers, unlike engines 
used for low Mach speed flight, generate thrust in the 
expanded portions of their combustion chambers and 
nozzles. Because the thrust contributed by the nozzles in 
particular increases the higher the Mach number, it is 
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preferable to use as big a nozzle as possible to enable the 
maximu’a use of thermal energies. However, at low 
altitudes, large nozzles enter an operational domain 
called the “state of overexpansion,” and in addition to 
deteriorating nozzle performance, this state also gener- 
ates instability brought on by nozzle flow separation. To 
optimize the size and shape of these scramjet nozzles, we 
must first understand the phenomena taking places 
inside the nozzle flow. 


The accompanying diagrams provide the results of using 
a shear sensitive coating to obtain visual data on the 
stress distribution in an overexpanded nozzle flow. This 
coating (Merck Industrial Chemicals: T1511) contains 
liquid crystals equivalent to minute prisms suspended in 
a silicon oil, and is used by applying it over a black 
primer on the surface to be inspected. Then, when a 
white light is applied diagonally to this coated surface, 
the reflected light changes color in accordance with the 
degree of shear force acting on that surface. These colors 
range from orange, indicating low shear force, to blue, 
representative of high shear forces. 


The scramjet nozzle tested featured a rectangular inlet 
area measuring 32mm x 147.3mm, and comprised a 
ramp equivalent to the one on the bottom of a space 
plane, and a cowl and a flat plate made of two side plates 
on the bottom of the nozzle. The images shown in the 
figure represent the view looking up from below a 
downstream portion of the nozzle ramp wall (147.3mm 
wide x 345mm in the direction of the flow) where 
nitrogen, the working fluid, is flowing from left to right. 
The nozzie flow Mach number increases from 2.9 at the 
scramjet nozzie inlet to around 4 at the nozzle outlet. 
The Reynolds number is similar to that of an operational 
engine at 20 x 10°/m. 


The elliptical-shaped red regions in the center of the top 
photo indicate low shear areas. In nozzles in a state of 
overexpansion, the flow separating from the side plate 
forms transverse shock waves that obstruct the flow. 
When these transverse shock waves hit the ramp, they 
generate high pressure areas on the ramp wall, which in 
turn cause flow speed to decline and surface friction to 
drop. The red regions in the figure indicate these low 
shear stress areas. 


The middle photo shows the results of applying a white 
coating containing titanium oxide powder to oil points 
on the inspection surface to depict the oi! flow on that 
surface. The oil flow diagram indicates that the nozzle 
flow is undergoing localized separation. From compari- 
sons of this oil flow diagram, shear stress distribution 
and wall pressure distribution (discussed below) it was 
learned that the high pressure spot created by the trans- 
verse shock wave effects the upstream flow via the 
boundary layer, and the low shear area grows until it 
reaches the upstream separation bubble. 


The bottom diagram shows the isobaric distribution 
obtained by measuring the pressure on the wall surface. 
The low shear force region is shown in red. Wall pressure 
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distribution is made dimensionless by external environ- 
mental pressure. This diagram indicates that side- 
plate-generated separation causes the wall pressure at the 
end of both sides of the ramp to recover to atmospheric 
pressure levels. It also indicates that the transverse shock 
wave that develops from the side plate forms a localized 
high pressure spot in the center of the ramp wall. 
Nozzle-generated thrust increases as a result of the 
formation of this high pressure spot, and this increased 
thrust causes the aircraft to experience a headlong 
pitching moment. Changes in external environmental 
pressure cause this high pressure spot to rapidly move to 
the top of the nozzle ramp, significantly affecting the 
control of the aircraft. 


A state of overexpansion generates the complicated flow 
shown in the diagrams, and nozzle performance seem- 
ingly increases. And lift-direction thrust and pitching 
moments also fluctuate greatly. Moreover, nozzle flow in 
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an overexpanded region is not only affected by external 
environmental pressure, but is also dominated to a large 
degree by external flow speeds. Therefore, tests like the 
one shown in the diagrams are also extremely useful for 
visualizing flow using a stress sensitive coating so that 
predictions concerning actual flight performance can be 
made from the results of tests where there is no external 
flow. 


This visualization method can even be used in low 
pressure environments. Also, since initial concerns 
about the sensitivity of the coating to dynamic pressure 
and heat have proven unfounded, this approach can also 
be applied to aerodynamic research on supersonic inlets 
and flows inside combustion chambers. This test was 
conducted as part of joint research being carried out in 
cooperation with Ishikawajima-Harima Heavy Indus- 
tries. 
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JRDC Develops New Machine for Evaluation of 
Nonlinear Optical Materials 


943FE0859A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 30 Jun 94 p I 


[Text] On 29 June 1994, JRDC (Director: H'romichi 
Matsudaira) concluded that a “‘nonlinear optical mate- 
rial property measuring equipment,” a product of 
research by Professor Seizo Miyata and his assoc ates at 
Tokyo University of Agriculture and Technology. whose 
development was commissioned to Sigma Optica! 
Equipment (Head Office: 17-1, Shimotakahagi Nitta, 
Hidaka-shi, Saitama-ken; president: Shigeki Sugiyama) 
has been a success. The new technological device is 
designed to measure quickly and accurately various 
optical characteristics of new optical and nonlinear 
optical materials which will emerge as a driving force in 
the advancement of optoelectronics technology. It is 
anticipated that the new equipment will be used widely 
in evaluation systems for new material exploration 
research, as well as design and fabrication of devices. 


The nonlinear optical material is characterized by its 
ability to generate high frequency laser light, more than 
twice higher than that of the illuminated basic wave laser 
light. The most typical of example this type of material is 
potassium dihydrogenphosphate. What Sigma Optical 
Equipment has done at the request of JRDC was to 
integrate and automate the measurement systems previ- 
ously installed separately in accordance with properties 
of nonlinear optical materials, thereby realizing quick 
measurement of optical properties. 


The measurement equipment utilizing the new tech- 
nology enables researchers to arrange polarization planes 
of helium-neon laser lights coming from a light source in 
a certain direction and to bombard a test sample. Sub- 
sequently, upon determining a dielectric main axis of the 
test sample (directions of positive and negative charges 
shown in the nonlinear optical material’s internal part 
when the laser light passes through it)}—this being done 
while looking at laser light reactions—researchers mea- 
sure sensitivity and index of refraction. 


Accurate measurement of nonlinear optical properties is 
considered essential to the realization of high-density 
recording of information by CD and other media, as well 
as optic communications and optic computers. Since 
existing methods employ manual measuring using mea- 
surement instruments designed for each particular prop- 
erty, it takes a great deal of time; hence the need for an 
improved measurement method. 


When this was selected as a research theme for 1991, 
JRDC commissioned Sigma Optical Equipment to 
undertake the development of the new technology. The 
company has been working on it for the past two years at 
a total developmental cost of ¥ 190 million. 
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Fujitsu Ltd. Develops New Taper Angle 
Technology for Semiconductor Processing 


943FE0859B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 24 Jun 94 p 7 


[Text] Fujitsu (president: Mr. Yoshi Sekizawa) has 
developed for the first time a practical semiconductor 
with a tapered waveguide designed to reduce radiation 
angles to one-third of the existing ones. Using a selective 
growth technology, Fujitsu prototyped a semiconductor 
in which its active layer is integrated with a tapered 
waveguide designed to reduce a radiation angle. The 
company has succeeded in quadrupling the coupling 
efficiency of a 10-micron core-diameter single mode 
fiber when a lens was used, and in direct coupling 
without a lens, coupling loss has been halved. These 
results verify the effectiveness of the laser with a nar- 
rowed radiation angle. Since the high cost of optical 
devices represents the biggest barrier to the introduction 
of optic communication networks into a subscribers’ 
line, this new technology is attracting interest as one 
which most likely will cut cosis of optical devices to meet 
the demand of the multimedia era. The experimentally 
fabricated laser is characterized by the integrated active 
layers of multiple quantum wells(MQW) which oscillate 
lasers and a tapered waveguide designed to taper the 
radiation angles of outgoing lasers. The beauty of this 
technology is that the use of the selective growth tech- 
nology allows simultaneous formation of a tapered 
waveguide and active layers as waveguide’s layered film 
is being reduced in steps and a spot-size converter, which 
functions exactly like a convergence lens, is put to work. 
With the MOCVD method, if an oxide film is used for 
masking, growth rate in the vicinity of the mask tends to 
increase. Consequently, it is possible to achieve selective 
growth without using etching processing. 


With existing semiconductor lasers, since the light effec- 
tively contained in the active layer radiates from the 
outgoing radiation surface edge without any change, it 
ends up spreading due to the phenomena of refraction of 
light. Since its angle of radiation normally is around 30°, 
in order to couple the light with a fiber, it becomes 
necessary to contract the angle using a condenser. The 
parts and assembly required for this operation have been 
the factors for high cost of semiconductor lasers. 


By maximizing MOCVD’s selective growth technique, 
Fujitsu was able to reduce gradually the thickness of the 
entire length of a 200-micron spot size converter down to 
one-fifth of the original measurement. Reduced radia- 
tion angle is achieved by the weakened waveguide’s 
ability to contain light and by the spreading of the light 
in propagation in the waveguide, so that it becomes 
difficult to receive refraction of light at the outgoing 
radiation end. 


The experimentally fabricated laser maintains the char- 
acteristics of light output associated with conventional 
semiconductor lasers in spite of the integration of spot 
size converter. Moreover, an angle of radiation has been 
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reduced to less than one-third (horizontally 8 degrees 
and vertically 11.8 degrees) of the cases in which angles 
do not pass through converters. When this was coupled 
with a single mode fiber of a 10-micron core diameter 
through condensation using a one-lens system, coupling 
efficiency was improved by 5 decibels. In the case of 
direct coupling with a fiber which does not use a lens, 
coupling loss was no more than 3 decibels. In the past, a 
method of step-wise changing of the waveguide’s refrac- 
tion index had been considered for spot-size condensa- 
tion; its production complexity, however, made it diffi- 
cult to achieve the main goal of cost reduction. 


New Industrial Apnlications for Excimer Laser 
94FEO80S5A Tokyo NIKKEI] MECHANICAL 
in Japanese Vol 5 May 94 pp 24-36 


[Text] 


Excimer Lasers Being Introduced Into Production Line 
Microprocessing Oncrations 


Excimer lasers are attracting attention as a third type of 
industrial laser following CQO, and yttrium- 
aluminum-garnet (YAG) lasers. Characterized by short 
wavelength beams in the ultraviolet region, excimer 
lasers can be used for microprocessing applications not 
possible with other methods. Having been used to date 
primarily for research and development purposes, 
excimer lasers have recently begun to be put to use in 
industrial applications as well. and in some instances 
have even been introduced onto the production line. 


Having come on the scene roughly a quarter of a century 
ago, the history of excimer lasers is short compared to 
those of other types of lasers. A research lab in the 
former Soviet Union first succeeded in generating an 
excimer laser beam around 1970, and excimer lasers 
were marketed as processing tools six years later". 


Excimer lasers have been used primarily for research and 
development purposes here in Japan, but thanks to 
recent improvements in oscillators and other related 
hardware and the availability of peripheral equipment, 
these lasers have begun to be incorporated into pro- 
cessing systems. They are now fully acknowledged as 
industriai processing tools, and have already been intro- 
duced onto a number of production lines for use in 
processing micro-sized holes. 


Excimer lasers are also being energetically used for R&D 
purposes at research institutes and university laborato- 
ries, were favorable results have been obtained using 
them to refine the surfaces of metals, ceramics and 
fluororesins. Rapidly increasing numbers of companies 
are purchasing excimer lasers and pushing ahead with 
R&D aimed at developing new applications for these 
instruments. Today, the excimer laser's popularity as a 
new manufaturing tool is rising 


Short Wavelength Oscillation in the Ultraviolet Region 
Achieves Microprocessing With Low Thermal Damage 


An excimer laser is a pulsed laser created by exciting a 
rare gas-halide mixture (either xenon (Xe), krypton (Kr) 
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or argon (Ar) combined with flourine (F) or chlorine 
(Cl)) using an electric discharge. The excimer laser beam 
is rectangular, with dimensions generally about 
25x8mm. 


The wavelength of the light generated by an excimer 
laser differs according to the mixture of gases used. 
Representative examples of the wavelengths available 
with excimer laser beams are 0.193um with ArF, 
0.248um with KrF and 0.308um with XeCl, all of which 
fall within the ultraviolet region. For this reason, 
excimer lasers are capable of completely different pro- 
cessing applications than CO, and YAG lasers (See 
Table 1). 





Table 1. Comparison of Excimer Laser with CO, and 
YAG Lasers (Source: Sumitomo Heavy Industries) 
































Type of Laser CO?Laser YAG Laser Excimer Laser 
Wavelength 10.6 (infra- 1.06um (infra- | 0.193- 
red line) red line) 0.350um 
(ultraviolet 
| See) 
Output 1-1.5kW (large | 400-900W | up to 200W 
output) (medium | (low output) 
output) 
Applicable Cutting, Same as at left | Removal pro- 
Processing welding, hole- | cesses (pho io- 
making (heat | chemical reac- 
processing) | tions) 
Processable Steel, SUS, Same as at left | Polymers, 
Materials aluminum | ceramic, glass 
Processing mm level 100pm level j Less than 
Dimensions | 10pm level 
Applications Ordinary pro- Microprocessing| Ultra-micro- 
cessing | Processing 





That aspect of excimer laser processing that differs the 
most from other processing methods is the phenomenon 
called ablative photo decomposition, or photoablation 
for short. 


Compared to photon energy levels of 0.12eV and 1.2eV 
for CO, and YAG lasers, respectively, excimer lasers 
feature high photon energy levels of between 3.5-6.S5eV. 
These values correspond with the energy levels required 
for molecular bonding. For instance, carbon (C) bonds 
with C at 4.6eV, and C bonds with hydrogen (H) at 
roughly 4.2eV. 


Thus, when a polyimide, polyethylene or other high 
polymer material, ceramic or glass is irradiated with an 
excimer laser beam, the irradiated material absorbs the 
laser beam’s energy, cutting the bonds between mole- 
cules and causing the irradiated area to dissipate (See 
Figure 1)’. This is photoablation, and because it 
occurs instantaneously, there is no thermal effect in the 
area surrounding the processed area. This enables 
excimer laser processing to produce cleaner, smoother 
sections and edges than either CO, or YAG lasers (See 
Figure 2). 
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Figure 1. Excimer Laser Energy is Absorbed, Cutting 
Molecular Bonds and Causing Photoablation 





Ordinarily, the processing depth of a single pulse of an 
excimer laser beam striking a workpiece is on the sub- 
micron order, and the final processing depth is propor- 
tional to the number of shots of irradiation applied 
Therefore, during actual processing, the pulsed laser is 
applied repeatedly to the spot being processed. Since 
only the surface layer irradiated by the excimer laser 
beam is removed, the processing depth can be precisely 
controlled. 


~ YAG leoer 
Figure 2. Shapes of 300j:m Diameter Holes Made in Polyimide Using YAG, CO, and Excimer Lasers 
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\lso, @ mask is normally used during processing, and the 
shape(s) specified by the mask are reflected as-is in the 
workpiece. If the mask used has multiple holes in it, then 
that number of holes car be made in the workpiece at 
one tume 


Microprocessing 


ixcimer Laser Introduced to Production Line to Form 
Nozzle Openings for Printers 


lhe excimer laser thus possesses a number of special 
characteristics not found in other processing tools. 
\lthough excimer lasers have been used primarily as 
research and development tools to date, their usefulness 
has steadily been recognized, and now companies are 

en Starting to introduce them into actual production 


perations 


lhe first company to do so was Canon. Canon intro- 
duced a KrF excimer laser into its production operations 
| October 1989, and today has roughly 15 of these 
instruments operating at full capacity 24-hours a day. 
(hese excimer lasers are being used to make holes in the 
oul portions of the ink jet components of Canon 

bble jet printers like the BJ-10, BJ-200, and the bubble 
t color printer BJC-600J (See Figure 3). 


lhe ink jet components of these printers are made of 
plastic and are extremely small, measuring less than Icm 
in length (Figure 4). Sixty-four 30um-diameter holes 
spaced 7Oum’s apart must be made in the roughly 
40um-thick orifice plate portion of these ink jets, a task 
perfectly suited for the excimer laser. Using a mask, the 
‘xcimer laser irradiates the workpiece with a 1J/cm? 
beam per pulse, opening up all 64 holes in a single shot. 
Processing precision is around +/-0. lpm. 


Canon began studying the possibility of using excimer 
lasers as processing tools back in 1987. In the past, the 
ink jets were comprised of different types of materials, 
such as photosensitive plastics and silicon (Si) sub- 
strates, and the nozzles were formed using a photolitho- 
graphic process (Figure 5). 


lhe wettability of the ink differs according to the type of 
material used in the ink jets. Therefore, the most easily 
wetted material was used in the nozzles up to the point 
just prior to where the ink exited the nozzle. This 
approach occasionally resulted in the ink flying out in 
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Figure 4. Bukble Jet Printer’s Ink Jet Component 
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Figure 5. Ink Jet Components of the Past Comprised of Several Different Mat ,rials 





the wrong direction and missing its designated point of 
impact. Point of impact deviation is a fatal flaw for 
bubble jet printers. 


If the ink jet component could be made of a single 
material, this would stabilize impact accuracy and facil- 
itate mass production operations. It was with this in 
mind that Canon began in 1987 to look around for the 
right material and the most suitable processing method. 
The company considered a total of eight different pro- 
cessing methods, including CO, lasers, YAG lasers, 
excimer lasers and presses. 


With bubble jet printing, for example, if the target 
printing surface is 1,000um from the nozzle opening, the 
required impact accuracy is 8um. To achieve this kind of 
accuracy, it is important that the nozzle openings have 
sharp edges. If these edges are not sharp, the flight path 
of the ink will change. 


In its experiments with Co, lasers and YAG lasers, 
Canon found that the material melted, and that this 
melted material built up around the holes, and its 
tests with press processing indicated the generation of 
burrs, ruling out these methods as possible means of 
creating the required holes. The only processing 
method tested that was capable of clearing the 
required processing criteria was excimer laser pro- 
cessing. 


Out of the 20 different plastics studied, the material 
selected by Canon for use in its ink jets was polyether- 
sulfone, due to its formability and the fact that it can be 
readily processed by an excimer laser. 


Considerably Enhanced Yields; Greatly Reduced 
Running Costs 


The orifice plate of the ink jet component is angled at 10° 
from the vertical to make it easier to process using the 
excimer laser (Figure 6). 


If the orifice plate is attached to the ink jets at a right 
angle to the nozzle grooves, the laser beam would have to 
be shot horizontally along the nozzle grooves in order to 
cut holes in the orifice plate perpendicular to the plate’s 
surface. To do so would raise the possibility of the 
excimer laser beam damaging the sides of the grooves. 


Canon therefore opted to attach the orifice plate to the 
ink jets at an angle to facilitate the shooting of the laser 
beam and to prevent any adverse side affects to the 
nozzle grooves. The excimer laser beam is actually 
irradiated onto the surface of the orifice plate at an angle 
of 10° from the horizontal, allowing it to cut the holes in 
the plate perpendicular to its surface. 


Orifice plate 











Apately yo \ Nozzle groeve. 
Figure 6. Excimer Laser Beam Shot at Right Angie to 
the Slanted Orifice Plate 
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Figure 7. Removal of Burrs Around the Edges of Holes Using Excimer Lasers. The Two Methods Used Call For 


Applying the Beam from the Direction Where No Burrs Exist (top), and Applying the Beam from the Direction 
W here the Burrs Exist (bottom) 








By applying the excimer laser to tts production opera metals. It is particularly noted for its ability to adjust 
tions, Canon was able to significantly enhance yield optical axes to produce holes with a high degree of 
“The figure is close to 100%,” claims Hiroshi Sugitani, roundness. Most of the holes it cuts range between 


chief of Design Department No. 2, Chemical Product 20-30um in diameter 
Development Center B, Chemical Product Division B 
Canon B. And thanks to improved oscillators, etc. 
running costs, including gas replacement and mainte 
nance costs, have dropped to roughly 1/20 what they 
were when the company first started producing bubble 


[his company ts trying to make use of excimer lasers in 
combination with conventional processing methods. 
One example of such combined usage is injection 
molding 


jet printers. Shinosaki Seisakujo has developed technology for pro- 
When Canon first introduced excimer lasers into its ducing holes several dozen micrometers in size using 
operations, these instruments were still not widely re injection molding techniques. But problems related to 


ognized. There were no previous cases of excimer laser the assembly accuracy of the molds results in gaps 
having been used on the production line, and an excimer between the male and femalr halves of the molds“. The 
laser-based processing system did not yet exist. Canon resins used in the myection nolding process, therefore, 
therefore had to develop its own optical systems and flow into these Raps, creating burrs around the hole 


positioning devices when it introduced excimer lasers — OPENINgs. Because the diameters of these holes are so 
into its operations. tiny, and because precision processing is required, it was 


. impossible to remove these burrs using ordinary burr 
The cutting of minute holes such as those needed in removal methods 


printer nozzles represents a typical application of 


excimer lasers. There are now a number of other printe: Shinosakt Seisakujo therefore came up with the idea for 
manufacturers in addition to Canon that are employing using excimer lasers to remove these burrs. They use two 
excimer lasers in their nozzle hole cutting operations different approaches: irradiating the laser beam from 


that side of the hole where no burrs exist, and irradiating 
the beam onto that side of the hole where the burrs exist 
(Figure 7) 


Excimer Lasers for Use in Burr Removal and Wire 
Stripping 


According to Tadahiko Inohara, executive director of . . 
Shinosaki Seisakujo(phonetic) (headquartered in When the excimer laser beam is applied from that side of 


Tokyo), a manufacturing company that carries out pro the hole where no burrs exist, the diameter of the beam 
cessing work on a commission basis, “Excimer lasers is set in advance to the same diameter as the hole. 
possess unlimited latent possibilities.” Shinosaki Sei Shooting this beam through the hole causes the photoa- 


sakujo is making use of a KrF excimer laser it installed in _—blation of the burrs only, removing them. 
1991. And as of this April, the firm plans to install two onversely, when the excimer laser beam is applied to 


more excimer lasers and expand there usage even fur that side of the hole where the burrs exist, the entire 
ther. surface is irradiated, not just the burrs. This approach 
Shinosaki Seisakujo’s principle operations in lude cut removes the burrs by causing photoablation to occur 


ting holes and grooves in plastics, ceramics, glass and _ over the entire surface layer, including the area with the 
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Figure 8. The Excimer Lasers Installed at Tosei Electrobeam 





burrs. With this approach, if the burrs being removed are 
several micrometers in size, then a proportional thick- 
ness of surface layer will also be removed, meaning that 
the thickness of the workpiece following deburring will 
be that much thinner. The advantage of this method is 
that, since the positioning accuracy required in the first 
method 1s not needed with this approach, it is well suited 
to the removal of large numbers of burrs at one time. 


Then there is the Tose: Electrobeam Co.(phonetic) 
(headquartered in Mizuhocho, Tokyo), another manu- 
facturing firm that performs processing work on a com- 
mission basis, that also installed a KrF excimer laser in 
1991 (Figure 8). The company currently operates two 
excimer lasers, which it uses to perform wire stripping 
operations in addition to cutting holes and grooves in 
plastic, ceramic and other materials. 


Wirestripping refers to a process whereby the polyure- 
thane coating that covers copper wire is removed to 
reveal the copper wire inside (Figure 9). Mechanical 
means can be employed to remove the coatings on thick 
wires, but when it comes to the ultrathin 50um-diameter 
wire used in the heads of hard disk drives, mechanical 
stripping methods damage the wire. 


For this job, the company employs its excimer lasers. 
Applying an excimer laser beam to the wire coating 
subjects that coating to photoablation, removing it from 
the wire inside without affecting the wire itself in any 
way. Now, irradiating the coated wire from a fixed 
direction only will not enable all the coating to be 


removed. The company therefore laid out its optical 
system in such a way as to make it possible to remove all 
the coating in a single shot 


Tosei Electrobeam ts not the only firm using excimer lasers 
for this kind of wirestripping work. IBM Japan has also 
practicalized an excimer laser-based wirestripping system. 
We can probably expect to see excimer lasers used more 
extensively for wirestripping purposes in future 


Excimer Lasers Coming Into Increasing Use Overseas 
As Well; Marked Progress Seen in Hardware Arena 


There are still other examples of how excimer lasers are 
being put to use. IBM Japan, for instance, is using these 





Figure 9. Excimer Laser Used to Strip Coating from 
Ultrathin Wire 
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lasers to cut the wiring in the polyimide film layer that 
forms the top layer of the glass-ceramic substrate pro- 
cessor installed in its mainframe computers. And the 
IBM Corporation of the United States is putting excimer 
lasers to work in this application as well as in the cutting 
of minute holes in this same polyimide film. 


The Boeing Corporation of the U.S. is using excimer 
lasers to mark wires covered with a type of fluororesin 
known as polytetrafluoroethylene (PTFE). They do this 
by making use of the fact that the titanium dioxide 
(TiO,) contained in the PTFE, which gives the coating 
its white color, changes to a black-colored titanium oxide 
(TiO) upon being irradiated with the laser light. 


The Award Technology Co. of the United Kingdom is 
proposing that an excimer laser be used to make the 
holes in disposable soft contac lenses. Some 6,000 holes 
50um in diameter are made around the periphery of 
these lenses to enhance the permeability of oxygen. In 
Japan, we understand that excimer lasers are being used 
to put markings on contac lenses. 


We mustn't overlook the fact that the various industrial 
applications to which excimer lasers are now being put 
have been made possible by tremendous progress in laser 
hardware. Numerous users tell of how the past several 
years have seen improvements that have enabled the 
service lives of electrodes and gases to be extended, as 
well as remarkable progress in the area of functions. 


As a result, what used to cost ¥ 2-3 for one second of 
running time has now dropped to around 70 sen (100 sen 
equals ¥ 1). “Manufacturers are now also capable of 
providing total systems that meet with users needs for 
optical and control systems,” explains Fumio Mune, 
director of both the technology and manufacturing divi- 
sions at Sumitomo Heavy Industries’ Laser Business 
Center. These factors can also be seen as major reasons 
for the spread of excimer laser usage. 


Manufacturers currently marketing excimer lasers for 
use in cutting minute holes and other applications 
include Sumitomo Heavy Industries, Lambda Physics 
Japan (phonetic) (headquarters in Yokohama), Hama- 
matsu Hotniks (phonetic), Nihon Denchi (phonetic), 
Nisshin Denki (phonetic) and others. And Seika Sangyo- 
(phonetic) is marketing an XeCl excimer laser developed 
by the Sopra Co. of France which is capable of putting 
out a large 10J per shot at a IkW output. This instrument 
is aimed at applications such as the annealing of amor- 
phous silicon and the removal of paint from the surfaces 
of aircraft. 


New Manufacturers Continue to Enter the Field; Mass 
Production-Capable Excimer Lasers Also Available 
Increasing numbers of manufacturers are entering the 
excimer laser market. New entrants include Kuroda 
Seiko (phonetic) (December 1993) and Mitsubishi Elec- 
tric Corporation (February 1994). 


And in October 1992, Seiko Denshi Kogyo (phonetic) 
(headquartered in Tokyo) linked up with the U.S. laser 
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development firm of CYMER Laser Technologies for 
the development and manufacture of excimer lasers. 
This tie-up is not aimed at producing excimer lasers for 
use in steppers alone, but appears also to be looking to 
enter the market for excimer laser-based micropro- 
cessing equipment. Similarly, the Matsushita Research 
Institute (headquartered in Kawasaki), which has devel- 
oped an excimer laser for use in step-and-repeat equip- 
ment, has announced plans to expand its line of products 
and enter the market for excimer laser-based micropro- 
cessing machinery as well. We can expect development 
competition to become increasingly stiff in future. 


The “Excimer Work System” introduced onto the 
market by Mitsubishi Electric Corporation (Figure 10) 
is attracting attention because of the new functions 
possessed by the excimer laser housed therein. This 
system is characterized by a multipath reflection optical 
system and synchronized drive mechanisms for the mask 
and the workpiece, which, according to Takeshi Eura, 
chief of MELCO’s Applications Equipment Design 
Department No. 3, Applications Equipment Production 
Division, “...enhance productivity 20-fold over that pos- 
sible with conventional excimer laser equipment pro- 
duced by other makers.” 


MELCO is aiming at the field of microscopic hole 
processing for high-density multilayered substrates, 
which are expected to come into widespread use in 
future. Up until now, etching and drilling processes were 
used to make holes in these substrates, but these 
approaches have limitations when it comes to hole 
diameter and aspect ratio (hole depth/hole diameter). 
Methods that utilize CO, lasers and electron beams were 
studied, but the considerable thermal damage caused to 
the workpiece make these approaches impractical. 
Excimer lasers were then looked at as possible candi- 
dates for the task, but were not considered suitable for 
mass production applications due to processing speed 
and running costs problems. 


A system was developed that utilized a mask to enable 
one shot from an excimer laser to make multiple holes in 
a workpiece (Figure 11 (a)). However, the numerical 
aperture of the mask used in this process was less than 
1%, which meant that more than 99% of the laser light 
irradiated onto the mask was either being reflected or 
absorbed. In other words, the brunt of the laser’s energy 
was being wasted. 


There were also limitations as to the surface area that 
could be processed with a single laser irradiation. There- 
fore, in order to make numerous holes in a workpiece 
with a large surface area, it was necessary to move the 
workpiece a number of times, which increased pro- 
cessing time. 


Opening e Numbers of Holes Consecutively; 
Significantly Enhanced Productivity 


The Excimer Work System solved these problems. First, 
a multipath reflection optical system was developed to 
enhance the economic efficiency of the laser beam 
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Figure 11. A Conventional Optical System (a) and a Multipath Reflection Optical System that Heightens the Eco- 
nomic Efficiency of the Beam 
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Figure 12. Synchronized Drive for Mask and Work (The beam passing through a hole in the mask is always lined up 
with a processing point on the workpiece.) 





(Figure 11 (b)). The keys to this system are a highly 
reflective mask comprised of a multilayered dielectric 
film applied to a synthetic quartz surface and a highly 
reflective mirror, which are positioned opposite one 
another. 


The incident beam is reflected off the mask, and what 
used to be “wasted” energy is shot back toward the 
mirror, where it is once again reflected and shot back 
toward the mask. When the beam has repeated this 
process and been reflected back and forth between the 
mask and the mirror a number of times, its economic 
efficiency increases approximately 12-fold over conven- 
tional systems. Therefore, even a laser with a relatively 
small output of 24W can, for example, handle a job 
equivalent to 290W. 


Shortened processing time was achieved via 
sychronizing the drive mechanisms for the mask and 
workpiece. This enabled processing to be carried out 
consecutively while moving the mask and the workpiece 
in Opposite directions at the same time (Figure 12). 


The mask has numerous holes in it, and as the excimer 
laser beam passes through hole “‘a” and the lens below it, 
it is constantly lined up with processing point “a” on the 
surface of the workpiece, where it cuts out a hole. During 
processing, the mask and the workpiece never stop 
moving, but “a” constantly corresponds to “‘a’”’. There- 
fore, the depth of the hole ai “a” gets gradually deeper. 
As the movement of the mask allows the laser beam to 
pass through holes ““b”’ and “c,” since the workpiece has 
also been moving at the same pace in the opposite 
direction, the beam passing through mask hole “b” lines 
up with processing point “b” and that going through hole 
“c” lines up with point “c,” respectively, cutting holes at 
“b” and “c.” 


As the mask and workpiece constantly move in this 
fashion, holes are processed in the workpiece similar to a 
wartime carpet bombing mission. This enables even a 
workpiece with a large surface area to be continuously 
processed at high speed. For example, when tens of 
thousands of 10um-diameter holes must be made in a 
25um-thick polyimide film that measures 10 x 10cm in 
size, what used to take around 20 minutes can now be 
completed with the Excimer Work System in just one 
minute. 


In addition to development trends such as these at 
manufacturers, since 1987, the Ministry of International 
Trade and Industry (MITI), working through its Agency 
of Industrial Science and Technology (AIST), has been 
pushing forward with the development of “ultra- 
advanced processing system technology” as one of its 
Industrial Science and Technology Research and Devel- 
opment Syste ms (formerly a large-scale project). With an 
eye toward the future, AIST has focused a part of this 
project on the development of excimer lasers. 


Such firms as Hitachi, Mitsubishi Electric, Toshiba, 
NEC and Komatsu have taken part in this project, and 
have produced good results in their efforts to develop 
excimer lasers with larger output capabilities (goal: 
2kW), longer services life (goal: 10° shots) and high 
repeatability (goal: 5kHz). This project was brought to 
termination this past March, and a portion of the par- 
ticipating companies are currently continuing the devel- 
opment work on their own. 


Surface Refinement 


Increasingly Zealous R&D; Low-temperature Joining of 
Metals and Ceramics 


As pointed out above, in addition to increased usage of 
excimer lasers as industrial processing machines, R&D 
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Figure 13. Using an Excimer Laser to Bond a Ceramic with a Metal 





aimed at pioneering new ap plications is being carried out 
with increasing zeal. Research work into using excimer 
lasers to refine the surfaces of metals, ceramics and 
plastics to enhance their bondability and processability 
is especially animated. 


AIST’s Government Industrial Research Institute at 
Shikoku (GIRI-Shikoku) has developed technology that 
uses an excimer laser to bond a ceramic with a metal at 
low temperatures of under 300°C. The excimer laser is 
applied to the surface of the ceramic material, photoab- 
lating the surface layer to change its composition. In the 
past, the most common methods of bonding metals and 
ceramics were diffusion bonding and brazing carried out 
by heating the respective materials to temperatures over 
1,000°C, or by using ion spattering inside an extreme- 
high-vacuum to cleanse and bond the surfaces to these 
materials. 


However, there are materials that cannot be tightly 
bonded together at temveratures of over 1,000°C due to 
the different coeff 1ents of thermal expansion of the 
respective materials and the formation of a weak reac- 
tion layer. And copper (Cu) materials do not bond well in 
an extreme-high-vacuum. The excimer laser-based 
bonding method developed by GIRI-Shikoku makes it 
possible to bond even Cu and silicon nitride (Si,N,), 
considered impossible to bond at low temperatures. 


The GIRI-Shikoku-developed bonding process takes 
place in a vacuum of around 10° Pa. First, a 6mm- 
diameter pistil-shaped piece of pure CU with a 4mm- 
diameter tip is cleansed by irradiating it with an argon 
(Ar) ion beam to remove the oxide film from the surface 
(Figure 13). 


Then, photoablating the surface of the SiN, by irradi- 
ating it with an approximately 0.3J/mm* KrF excimer 


laser breaks it down into Si and nitrogen (N). The N is 
dissipated as a gas, but the Si remains as-is, forming an Si 
surface layer. 


Finally, while pressing the tip of the Cu against the Si 
surface at a force of 160N, the two materials are bonded 
together by once again irradiating them with the Ar ion 
beam and heating them to a temperature of around 
300°C. Bonding is facilitated by the fact that Cu is being 
bonded to Si, ancther metal. When the bonded materials 
were subjected to a tensile test after cooling, the bond 
was so strong that the fracture occurred not at the bond 
itself but rather in the Si,N,. 


The bonding area for this example was small, but Satoshi 
Yoneda, director of the GIRI-Shikoku Substrate Tech- 
nology Division’s Surface Engineering Laboratory, says 
“We can enlarge the bonding area by increasing the 
output of the excimer laser.” 


Director Yoneda is looking forward to using this process 
to make it possible to bond other materials that have 
heretofore been hard to join at low temperatures. 


mes dag SiC; Teaming Lasers Up with 


Si,N, and silicon carbide (SiC) are being put to a variety 
of uses thanks to their superb features, such as high 
strength, high wear resistance and high heat resistance. 
Their one drawback is the fact that they are hard to cut, 
making ultra-precision processing difficult. Making 
them easier to process could lead to additional applica- 
tions in the field of ultra-precision parts. 


To facilitate processing of Si,N, and SiC, the common 
practice is to use yet higher strength tools. Conversely, 
another way of dealing with the problem is to change the 
material itself in order to make it easier to process 
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For example, one method calls for corroding the surfaces 
of Si,N, and SiC by soaking them in a potassium 
hydroxide (KOH) solution, and then processing them 
with tools and lasers. The drawback of this approach is 
that the entire workpiece must be soaked in the solution, 
meaning that the entire surface area, not just that portion 
to be processed, is subjected to corrosion. 


The Mechanical Engineering Laboratory of AIST there- 
fore developed a method of irradiating only specified 
areas of Si,N, and SiC with excimer laser energy to 
soften their surfaces so they can then be precision cut 
with machine tools. 


An experiment was carried out using 8mm-thick donut- 
shaped pieces of Si,N, and SiC measuring 4cm in 
diameter. Water was used as the cutting fluid, and was 
dripped on these samples as they were being rotated at 
300rpm (Figure 14)”. Irradiating those portions of the 
samples to be processed with a KrF excimer laser for 10 
seconds broke the Si-N and Si-C bonds in the respective 
surface layers, causing the formation of silicon oxide 
(SiO.) and Si layers, respectively. These layers were soft, 
and exhibited Vicker’s hardness of roughly 1.6GPa, 
which is approximately 1/10 the 17GP« Vicker’s hard- 
ness of the mother materials. The treated areas were then 
cut for 20 minutes using a diamond-head tool, the tip of 
which had a radius of curvature of 0.10-0.15mm. 


According to MITI Technical Official Yuko Hibi of the 
Tribology Department of MEL’s Material Engineering 
Division “We believed that the larger the excimer laser’s 
output, the easier processing would be.” However, they 
discovered that a large laser output resulted in a pow- 
erful surface photoablation which affected areas other 
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Figure 14. Cutting Ceramic Materials After Using an 
Excimer Laser to Refine Their Surfaces 





than those slated for processing. And when they lowered 
the output of the laser, they found that the softened layer 
didn’t form efficiently. 


They eventually learned that the appropriate single-pulse 
laser output that enables the efficient formation of the 
softened layer without generating strong photoablation is 
roughly 0.005J/mm? for Si,N, and around 0.012J/mm7? 
for SiC. Using these processing conditions, MEL was 
able to cut a groove 8um deep in the Si,N, and one 
35um deep in the SiC (Figure 15). 


“We should be able to apply this technology to the 
processing of x-ray mirror retainers and precision parts,” 
surmised Technical Official Hibi. 
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Figure 15. Si,N, and SiC Machined 4 Following Excimer Laser Irradiation. » Machining Practically Impossible Prior to 
Laser Irradiation 
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Surface Refining Significantly Enhances Bondi 
Strength of Fluororesins and Metals _ 


PTFE possesses properties that repel water and oil, and 
because of this and its low friction factor, it is used as a 
coating on everything from fry pans to automobile 
bodies. On the flip side of the coin, however, these same 
characteristics make for extremely poor bondability with 
other materials. 


Stainless steel, too, because of its superb anticorrosive 
properties, is used in the production of everything from 
water pipes to automobile exhaust pipes, but it is almost 
impossible to bond stainless steel to stainless steel or to 
other metals using adhesives. There is a method of 
bonding stainless steel which calis for making minute 
scratches in the surface of the metal, but because this 
does not result in a chemical bond, bonding strength 
with this approach is weak. 


Professor Masatake Murahara et al of the Electrical 
Engineering Department of Tokai University’s School of 
Engineering have developed a technique that employs an 
ArF excimer laser to refine the surfaces of PTFE and 
metals to increase their wettability to adhesives (Figure 
16). When PTFE and metals that have undergone this 
type of surface refining are bonded to one another using 
adhesives, they exhibit significantly improved bonding 
strength over PTFE and metal bonded without having 
had their surfaces refined. This technique does not make 
use of photoablation, but rather uses the laser beam to 
create intermediate products, which are then skillfuily 
utilized in the surface refining process. 


Let’s look at the principle dDehind surface refining with 
excimer lasers using PTFE as a example (Figure 17)”. 


PTFE is comprised of C-F couplings, and the high C-F 
bonding energy and narrow spacing between C and F 
atoms gives this materials its chemical stability. In order 
to make PTFE more compatible with adhesives, these 
C-F bonds must be cut, F atoms extracted and a methy! 
group (-CH,). hydroxyl group (-OH) or some other 
radical with a high wettability to adhesives must be 
introduced into the places where the extracted F atoms 
resided. 
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When an ArF excimer laser with 615kJ/mol of photon 
energy is applied to PTFE, its C-F couplings, held 
together by 536kJ/mol of bonding energy, are readily 
severed. But because of their high electronegativity, the 
F atoms immediately recombine with the C atoms. 
Professor Murahara et al thus focused their attention on 
boron (B), which bonds with F more readily than C does, 
and decided to use B to extract F. And in order to replace 
the extracted F atoms with -OH, they selected a B (OH), 
solution as their flourine extraction agent. B(OH), is 
safe, being widely used as a disinfectant. 


B(OH), is dripped onto the surface of the PTFE, and 
3,000 shots of 25mJ/cm? excimer laser energy are 
applied to the treated surface, exciting the PTFE C-F 
couplings. Simultaneously, the B(OH), breaks down into 
B and OH, and the free B atoms extract F atoms to form 
BF, while the -OH find there way into the spcts vacated 
by the extracted F atoms and bond with the C atoms 
there. The upshot is an -OH-treated PTFE surface with 
heightened wettability to adhesives. 


Laser beas 


rid 
(Asia 


FF 























Figure 17. Surface Refining Principle With PTFE. The Energy from the Excimer Laser Causes the Free Atom “B” 
to Extract the “F” Atom Which is Replaced by “OH.” 
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When refining the surfaces of metais, hydrogen peroxide 
(H,O0,) iS dripped onto the surface of the metal and it is 
irradiated with an excimer laser beam. This causes the 
-OH generated by the break down of the H,O, to bond 
with the excited meta! surface, .nereby increasing that 
surface’s wettability to adhesives. 


Tensile tests were performed on excimer laser surface- 
refined PTFE and metals that had been bonded to one 
another using epoxy resins. In all cases, the bonds 
exhibited strength of over 9.8MPa (100kgf/cm?), 
resulting in fractures that occurred not at the bonding 
boundary but within the epoxy resin. 








Professor Murahara et al have also succeeded in using 
the same princi aie to bond PTFE to PTFE, and PTFE to 
Stainless steel and other metals using water instead of 
adhesives. 


Figure 18. Metal-plated PTFE. The Black Portion is 
the Plating 





Metal Plating on fF iuororesin Surfaces Raises 
Expectations of Applications in Electronic Circuit 

















Fabrication Hydrazine 
Director Akira Y abe and his sialf at the Laser Reaction 97 (N2H«) 
Laboratory inside the Ultimate Reaction Division of Evacuated ~ -- ¢ 

AIST’s National Institute of Materials and Chemical container é / ® 
Research (NIMC) have developed a technique for cre- | PTFE | 

ating nickel (Ni) and Cu metal plating on the surface of 7 7 
excimer laser surface-refined fluororesins (Figure 18). 

At this laboratory, they set PTFE or some other fluo- { 

roresin inside a 0.!3Pa (10° Torr) vacuum at room 

temperature, introduce hydrazine (N.H,) until a back- Mask 111] Laser beam 
ground pressure of |.2kPa (9 Torr) is achieved, then 

irradiate through a mask only specified areas of the 4 —— 
fluororesin’s surface with an ArF excimer laser operating . Ltdteds 








at 80mJ/cm* per pulse (Figure 19). This procedure 
generates N,H,, NH, and H, which extract F atoms from 
the fluororesin surface and allow amino group (-NH, 
and H atoms to replace itoms, making the surface 
hydrophilic. 





Next, the surface of the fluororesin material is activated 
by first soaking it in a mixture of stannous chloride 
(SnCl, and hydrochloric acid (HCI) for anywhere from 
several seconds up to a minute, and then soaking it in 
palladium chloride (PdCl,). This process precipitates 
metal palladium. Then, when the thus surface activated 
fluororesin is dipped in an electroless bath of Ni or Cu, 
a metal film of Ni or Cu is deposited only on those 
portions of the surface that were irradiated by the 
excimer laser 








The resulting metal layer exhibits high adhesion, which, 
according to Laboratory Director Yabe, “...1s so strong 
that the metal layer won't come off even when you try to 
pull it off with a piece of tape.” It 1s also possible to form | 

an electric circuit by using an electrolytic plating process Plating 


to deposit a thick metal laver on top of this initial one. 
The Laser Reaction Laboratory is currently providing | 
electroless plating manufacturers with technical guid- 


ance in a drive to develop electric circuits using this Figure 19. Process for Metal-plating PTFE 
method 
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Conclusion 


Excimer lasers are steadily carving out a place for 
themselves as industrial processing tools. A certain 
excimer laser manufacturer says that people used to have 
a rather fuzzy image of these lasers as something “that 
could probably be used for microprocessing,” but now- 
adays, “*... a lot of these same folks come up and say they 
would like to use excimer lasers in a certain process, and 
ask specific questions, such as how long would it take the 
laser to perform the process, and what kind of precision 
can they expect.” There are also numerous potential 
users Out there who are keeping an eye on trends to see 
whether or not the competition is installing excimer 
lasers. 


Shinosaki Seisakusho Executive Director Inohara points 
out that “As processing tools, excimer lasers are still in 
their infancy.” It will therefore be interesting to see just 
how widespread applications of these processing tools 
will become in future. If the service lives of the elec- 
trodes and gases used with these lasers can be prolonged, 
and the sales price for a total system can be lowered 
below the current ¥ 700-800 million price tag, we can 
probably expect an increase in the number of users. 
There are still numerous processes that can only be 
performed using excimer lasers. 
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Hitachi, Ltd. Develops Ultrahigh-Resolution 
Transmission Electron Microscope 


94FE0793A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 24 Jun 94 p 5 


[Text] Hitachi, Ltd. has developed a technique using a 
transmission electron microscope for observing the dis- 
tribution of elements in a sample at the ultrahigh reso- 
lution of | nm and photographing them very rapidly. 
The best resolution in the past has been about 2.5 nm, 
but Hitachi improved upon that by exercising precise 
control over the acceleration voltage of the electron 
beam. Moreover, Hitachi has greatly increased the speed 
of photography, and measurements that took several 
hours in the past can now be performed in about 20 
seconds. Detailed investigation of the distribution of 
elements and their microstructures is very important in 
R&D on semiconductors and magnetic materials. The 
new technique should prove very useful in that kind of 
research. 


A transmission electron microscope is a device that 
exposes a sample to an electron beam and reveals its 
microstructure by capturing the electrons that pass 
through the sample. 


The electron beam energies that are easily transmitted 
and those that are easily absorbed differ according to the 
makeup of a material, which makes it possible to photo- 
graph the distribution of the elements in a sample. 
Hitachi achieved high resolution and high-speed mea- 
surement by incorporating: 


(1) high-precision electron beam voltage control tech- 
niques; 


(2) high-speed photographic techniques into a transmis- 
sion electron microscope that was already commercially 
available. 


Hitachi added new control circuits to enable fine tuning 
of the electron beam acceleration voltage. In the past, the 
voltage could be controlled in 50 V increments at an 
acceleration voltage of 200 kV, but Hitachi’s prototype 
enables control in 0.5 V units. By precisely adjusting the 
energy of the electron beam used for exposure, the 
differences in absorption due to different elements can 
be clearly seen. The result is increased resolution and 
crystal-clear images. 


Hitachi also added high-speed photographic techniques 
to switch the field exposed by the electron beam rapidly 
and smoothly. There have been problems in the past 
such as vibration due to the use of a manual shutter, and 
it has been difficult to achieve shutter speeds faster than 
0.5 seconds. Hitachi chose instead to use a piezoelectric 
element, which expands and contracts with voltage, in 
the shutter mechanism. This not only cuts down on 
vibration but also shortens the shutter speed to 0.05 
seconds. 
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In addition, instead of the past method of composing an 
image of observation results from data obtained by 
scanning the electron beam, the new microscope can 
obtain an image of element distribution in a very short 
time by capturing the transmitted electron beam all at 
once on a high performance CCD (charge-coupled 
device) and outputting it. In the past, for example, 
observation of a 0.1 pm? sample took 4.6 hours, but with 
the new format it takes only 20 seconds. 


Hitachi announced that the microscope also enables 
observation of dynamic changes such as the manner in 
which specific elements diffuse when a sample is heated. 
In the future Hitachi plans to establish parameters such 
as optimal measuring conditions and evaluation 
methods. The company expects the microscope to be 
used for the high-precision analysis of the structures of 
composite materials. 


Nikon Develops Ultrahigh-Precision Laser 
Interferometer 


94FE0793B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 22 Jun 94 p 3 


[Text] Nikon Gijutsu Kobo, a subsidiary of Nikon Cor- 
poration, has created a device that can conduct high- 
precision length measurements at the ultrahigh resolu- 
tion of 0.4 nm. This device uses a laser interferometer 
and is called the ““Microdimensional Absolute Length 
Measurement System” [literal]. The device is integrated 
with an optical system containing prisms, and it is so 
small that it can be placed in the specimen chamber of a 
scanning electron microscope. The company expects the 
device to be widely used for the measurement and 
observation of VLSIs, micromachines, and biological 
specimens. 


Nikon established the basic research for the device 
together with the National Research Laboratory of 
Metrology, GIRI, AIST. Thereafter, Nikon Gijutsu 
Kobo continued development to the level of practical 
application. The company plans to begin sales of the 
device this fall, and expects the price to be about ¥ 5 
million apiece. 


The new system can handle samples up to 10 mm/?, and 
it can measure distances from 0 to 10 um. The device 
will be available with specifications for resolutions of 0.4 
nm and 0.8 nm. 


The overall dimensions of the device are 2 cm high and 
10 cm in diameter. It is mounted on a rounded plate 
made of light metal. The center portion has a movable 
microplatform that moves in only one direction and is 
supported by springs. When this movable microplatform 
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is moved by a piezoelectric element, the distance 
between the movable microplatform and its fixed base 
becomes longer in one direction and shorter in the other 
by the distance traversed. This traversed distance is 
measured with a laser interferometer that employs a 
helium-neon gas laser. The resolution obtained is much 
shorter than the 633 nm wavelength of the measuring 
laser, and the device achieves this high resolution by 
methods such as: 


(1) measuring the gap between the movable microplat- 
form and the fixed base in two places at both ends of the 
movable microplatform; 


(2) using prisms to send the laser light across the gap 
between the movable microplatform and the fixed base 5 
times; 


(3) converting the optical signal to an electrical signal 
and amplifying it 40 to 80 times. 


When actually measuring the widths of VLSI circuit 
wires, the VLSI is affixed in the center of the new 
system’s movable microplatform. Next the system is 
placed inside the specimen chamber of the electron 
microscope, and the movable microplatform carrying 
the VLSI is moved a little at a time while the desired 
portion of the circuit is exposed to the electron beam. 
The intensity of the electron beam used for measurement 
changes considerably at both edges of the circuit, so if the 
displacement of the movable microplatform is measured 
by the laser interferometer when the intensity changes, 
the result is the width of the desired circuit. The out- 
standing feature of this new device is its complete 
integration with the prism optical system that comprises 
the laser interferometer. This makes it compact and still 
enables it to maintain high resolution. Similar devices in 
the past were larger than 30 cm, and incorporating them 
into existing electron microscopes required modification 
of the whole microscope, so it has been difficult for most 
businesses to utilize them. 


Laser Interferometer 


A laser interferometer is a device that measures length by 
utilizing light’s wavelength properties. When laser light 
that has been reflected from an object is superimposed 
on the original illuminating light, maximum intensity is 
obtained if the phases match. Conversely, if the phases 
are exactly opposite, they cancel each other out and 
darkness results. The interferometer employs this basic 
principle to determine the positions of objects. By 
designing an optical system and electrically processing 
the optical signals of the measurement, it is possible to 
make precise measurements that are shorter than the 
wavelength of the laser light. 
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TFT Device Targeted at Multimedia 
Experimentally Fabricated as 53cm Diagonal 
Panel and Performance Verified 


94FE0845A Tokyo NIKKEI MICRODEVICES 
in Japanese Aug 94 pp 90-91 


[Text] 


Sharp has developed a TFT element structure which 
makes it possible to lower production cost. The experi- 
mental product, which can interface with multimedia, 
was made at the Tenri Plant where mass production of 
25 cm diagonal (Model 10) class devices will take place. 
Initially a large 53 cm diagonal TFT LCD panel was 
placed on board and its function was verified. After 
functional testing, a 26 cm diagonal (Model 10.4) panel 
was explored. Using minute cystal Si and single layer 
processing for the gate electrode the product was real- 
ized, and standardized processes will be employed in its 
manufacture. 


Sharp didn’t merely seek to manufacture a large panel by 
producing an experimental direct viewing color LCD 
TFT that is the largest in the world, a 53 cm diagonal 
device ( Model 21), but it established “‘technology that 
can interface with a large baseboard, a necessary condi- 
tion for the development of a four phase 26 cm diagonal 
(Model 10.4).” (Sharp Liquid Crystal Business Head- 
quarters TFT Development Center), has the realistic 
goal of placing TFT on mass produced products as early 
as this fall. 


In order to produce an inexpensive TFT panel for 
notebook type personal computers that can interface 
with multimedia the following conditions must be met: 


(1) 16.7 million full color display, “element characteris- 
tics in overall screen must be even in order to transmit 
and control multiple voltage gradations reliably;” 


(2) improvement of aperture ratio for lower power 
consumption; 


(3) improved mass production structure. 


Sharp reduced contact resistance by 3 orders of magni- 
tude by employing “minute crystal Si’ film in the 
contact region of the source and drain electrodes for the 
purpose of (1) and (2). By doing this, all pixel elements 
were evenly controlled at multiple gradations, compact 
TFT elements were realized, and the aperture ratio was 
increased. Also for the purpose of (3), gate electrodes 
that were composed of an Al and Ta double layer 
structure were replaced by a Ta single layer structure. 
Although Sharp does not state the quantitative effect on 
production cost, they said, “the development will con- 
tribute to a reduction in the number of processing steps 
and improvement of production idling.” 


Effective Control By Minute Crystal Si 


In order to realize a large, full color display, it is 
necessary to transmit 256 gradation multiple voltage 
levels over the entire screen evenly and reliably. If the 
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TFT’s on-resistance which operates the liquid crystal is 
high, the characteristic of each TFT element will be 
randomly intensified, and as a result it will cause display 
unevenness and randomness. 


For that reason, Sharp reduced the contact resistance 
drastically by inserting a minute crystal Si film between 
the amorphous Si layer that will become a channel layer 
and source and the drain electrodes (Figure 1). Com- 
pared to amorphous Si, the ohmic value of electrical 
contact can be improved, and contact resistance will be 
lowered. Electrical conductivity in the contact region is 
obtained with 1Q°'*cm"' which is three orders of mag- 
nitude higher than the existing value of 1*10°Q"'*cm''. 
Moreover the TFT current feature was also improved 
(Figure 2). 


For formation of the minute crystal Si, a plasma CVD 
device for amorphous Si is used, dilution of SiH, by high 
density H,, and high frequency electrical power are 
employed, and then the baseboard temperature condi- 
tion is optimized producing minute crystallization. 


Also, because contact resistance is low, even the overlap- 
ping area in the etching stopper and source, and drain 
electrode is small, and as a result a good drain current is 
obtained. This will prevent the current reduction which 
occurs due to a diminished contact area caused by 
misalignment. This had been a problem in the self- 
adjusting model employed by Sharp. For this reason, the 
etching stopper was reduced, and the overlapping elec- 
trode area was made comfortably small, reducing the size 
of the TFT element. In the 53 cm diagonal panel, 
because of wiring line width, the aperture ratio is 60%, 
and although it is a 25 cm diagonal (Model 10) which is 
still within the VGA specification, from now on an 
aperture ratio equivalent of even the XGA specification 
will be realized. 


Low Cost With Ta Single Layer Wiring 


In order to obtain both low cost production and low 
resistance for wiring, the gate electrodes which had been 
formed from a double layer structure of Al and Ta have 
been replaced by a single layer of Ta. 


The double layer Al structure had too many processing 
steps, moreover reliability was low because of electro- 
migration. For this reason, there was a request for a 
single Ta layer. However, traditional Ta wiring has a 
higher resistance than the double layer Al structure, so 
that use of a single layer was a problem. Sharp changed 
the temperature condition of the spatter processing and 
as a result the resistance ratio was reduced by 1/3, to 
25-30nQ*cm, and an a-Ta film which has a different 
crystal structure was formed eliminating a need for the 
Al layer. 


Use One Side For 26 cm 


For this experimental product, a 53 cm diagonal panel, a 
360 x 465 mm? glass baseboard was processed using 
“NF3” which is the new production line at the Tenri 
Plant. According to our calculations, the dimensions of 
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Figure 1. Fifty-Three Cm Diagonal TFT Panel Developed. Aiming at future development of a 26 cm diagonal, a 
structure was employed with consideration of possible improvement of full color control as well as low cosi manufac- 
turing. Replacing amorphous Si, minute crystal Si was inserted between source, drain electrodes, and the channel 
drastically reducing the contact resistance. The gate electrode, traditionally a double layer structure of Al and Ta, was 
replaced by single layer Ta. This was made possible by using a-Ta which has a low resistance ratio. 


Key: 1. Minute Crystal Si; 2. Source Electrode (Ta/TaN); 3. Amorphous Si (i); 4. Etching Stopper; 5. Drain Electrode 


(Ta/TaN); 6. Gate Isolation Film (SiN); 7. Gate Electrode (a-Ta); 8. Gate Isolation Film (Ta205); 9. Cross Section; 
10.Source Electrode; 11. Gate Electrode; 12. Channel Length; 13. (b) Surface Diagram; 14. Channel Width; 15. Drain 
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Figure 2. Improvement Of TFT Characteristics By Using 
Minute Crystal Si. The TFT single element on-current was 
improved by about three times. For improvement of on/off 
current ratio, the contact resistance of the source and drain 
was effectively reduced by three orders of magnitude, con- 
tributing to the compactness of the TFT elements. 


Key: 1. Drain Current (A); 2.Minute Crystal Si : H (n+); 
3. Amorphous Si : H; 4. Gate Voltage (V) 


the peripheral baseboard are about 13mm horizontally 
and vertically excluding the panel but combining the 
display and light interception area, and the OLB (outer 
lead bonding). 


Considering the even CVD film formation, the dimen- 
sion is about the maximum value that can be obtained 
from this baseboard. When a four phase 26 cm diagonal 
is explored in the future, the driver LSI will be attached 
to the one side of the panel and “by using a single surface 
process, the overall panel size will be reduced and four 
phases will be realized”’ (Sharp) clearly stated. 


In order to easily manufacture this experimental panel, 
the perpendicular model used six cold negative electrode 
tubes for backlight. When a 26 cm diagonal is explored, 
by employing just one backlight, power consumption 
will be drastically reduced. Already, a 1.9 W, 26 cm 
diagonal panel has been achieved, and even lower power 
consumption is said to be possible. 


Sharp Builds 21-Inch Color TFT Liquid Crystal 
Panel Prototype 

94FE0785A Tokyo NIKKEI ELECTRONICS 

in Japanese 4 Jul 94 pp 19-20 


[Text] Sharp has developed a 21-inch color TFT liquid 
crystal panel with 640x480 picture elements (1 picture 
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Figure 1. 21-Inch Color TFT Liquid Crystal Panel Pro- 
totype from Sharp—640x480 Picture Elements 





element is counted as a combination of red, green and 
blue). It can display 16,770,000 colors with its digital 
drive circuit. A 21-inch panel is the largest size that can 
be fabricated on today’s mass production lines. Sharp 
plans to review the panel’s specifications such as the 
number and the array of the picture elements with an eye 
toward applications in various fields. The company 
expects the panel to become available as a commercial 
product in about two years. 


Sharp says that the 21-inch panel could not be made 
merely by using a large piece of glass; it was possible only 
because of basic technology that enables an increase in 
the size of the panel (Figure 1, Table 1). 
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Table 1 Main Specifications of 21-Inch Color TFT Liquid 



































Crystal Panel 
Display size 21 inches (53 cm diagonal) 
No. of picture elements *1 640x480 
Picture element pitch *1! 0.666 mm 
Picture element constituents RGB vertical stripe array 
No. of display colors 16,770,000 
Contrast ratio 100 to | 
Response speed 50 ns 
Viewing angle *2 Horizontal 90°, vertical 45° 
Screen brightness 200 cd/mm2 
Power consumption 30 W maximum 
Exterior dimensions 490x400x27 mm? 








*| One picture element is counted as a combination of red (R), green 
(G), and blue (B). 


Viewing angle at which a contrast ratio of 10 to | can be maintained. 








In making a large-screen, color TFT (thin film transistor) 
liquid crystal panel, the fundamental problem is whether 
it is possible to place a multitude of TFTs with special 
properties on a large glass substrate. In other words, a 
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technique for forming a defect-free, uniform thin film 
with a large surface area is required. 


Application of Mass Production Techniques Using 
Large Substrates 


The 21-inch prototype panel was made on the new line 
(NF3) at Sharp’s Amari Plant that began operating in 
spring 1994. The new line uses large substrates of 
360x465mm7, equivalent to the area of four 10-inch 
panels. A 21-inch panel cannot be built unless a uniform 
film can be created on these large substrates. 


However, if it were not possible to make 10-inch panels, 
which are the main product, with good yield using large 
substrates, then the 21-inch panel could not have been 
fabricated at all. In other words, the technique for 
applying a film to a large surface area is not unique to 
making 21-inch panels; it is a basic technique for using 
large-area substrates to mass produce 10-inch panels. 


Resistance Cut to One-Third with a-Ta 


There is a technique needed to make 21-inch panels that 
is not needed for 10-inch panels, however. It is a tech- 
nique for lowering the resistance of the gate electrodes. 
The gate electrodes on a 21-inch panel are about twice as 
long as those on a 10-inch panel. As a result electrode 
resistance increases and this causes signal transmission 
delay. Transmission delay results in flickering around 
the perimeter of the screen, uneven colors and so on. 


By using a-Ta, which has a low specific resistance of 25 
pQ-cm to 30 pQ-cm, as material for the gate electrodes, 
Sharp was able to reduce the resistance (Figure 2). In the 
past B-Ta was used, but it has a specific resistance of 
about 80 .Q-cm. Normally, if a method like sputtering is 
used for forming the Ta thin film, the result will be the 
high-resistance B-Ta form. Sharp underlaid the Ta thin 
film with thin films of substances like niobium and 
tungsten, and doped the Ta with minute amounts of 
nitrogen to obtain the low-resistance a-Ta thin film. 


In addition, Sharp has placed an n*-type microcrystal- 
line Si layer between the source electrode/drain electrode 
and the i-type amorphous Si layer to improve TFT 
properties. In the past an n*-type amorphous Si layer was 
used in that location. By converting the n*-type amor- 
phous Si layer to an n*-type microcrystalline Si layer, 
Sharp lowered the electrode contact resistance, which 
increases the ON current. As a result, Sharp says that it 
has increased the TFT ON/OFF current ratio from a 
previous 10% to 10°. 


Full Color Through Digital Format 


Sharp is also using new technology for the rive circuit as 
well as for the parts of the TFT panel such as the 
electrodes and the TFTs themselves. The new panel uses 
a modified version of Sharp’s digital full color display 
drive IC, which had already been developed. Previous 
digital drive ICs could display 64 gradations by varying 
the voltage applied to the picture elements, and by 
combining this with image processing technology it was 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















JPRS-JST-94-028 
14 September 1994 


Microelectronics 31 


Figure 2. Structure of TFT Used in 21-Inch Color TFT Liquid Crystal Panel. In addition te cowering resistance by 
changing the material for the gate electrodes, Sharp increased the TFT ON/OFF current ratio as much as 107 by 
forming a layer of n*-type microcrystalline Si between the source/drain electrodes and the i-type amorphous Si layer. 
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electrode (ITO: indium tin oxide); 9. Protective layer (Ta,O,); 10. Gate electrode (a-Ta);, 11. Glass substrate 





possible to obtain 256 gradations. When image pro- 
cessing technology is used to obtain gradation, however, 
the resolution suffers and flickering often occurs. 


With the new drive IC on this panel, it is possible to 
display 256 gradations merely by altering the voltage to 
the picture elements. To display gradations in a digital 
format by just altering the voltage, however, as many 
different voltages must be output from the drive IC as 
the number of gradations. If there are only about 16 
gradations, this voltage can be input from outside the 
drive IC. However, with 256 gradations, it is impossible 
to input such a large number of voltage wires into the 
drive IC. 


Sharp had already developed a drive IC that outputs 64 
different voltages by using a technique in which nine 
different voltages are input to the drive IC, and two 
different voltages are applied at different times to 
achieve intermediate voltages. Using this same principle, 
Sharp modified the drive IC so that four or five different 
voltages could be input to obtain an output of 256 
different voltages. This reduced the number of input 
terminals, and although the number of gradations was 
increased, the size of the drive IC chip remained the 
same. 


30-Inch Models Possible 


Sharp says that in making the 21-inch color TFT liquid 
crystal panel prototype it has developed much of the 


basic technology necessary for large screens, and with 
this technology it should be possible to make panels as 
large as 30 inches. Sharp believes it now has a grasp on 
the technology for making large screens with color TFT 
liquid crystal panels. 


Mass production, however, is not imminent because of 
the cost. Sharp says that it is striving right now to make 
an 8.4-inch panel that costs ¥ 50,000. Because a 21-inch 
panel has an area roughly six times that of an 8.4-inch 
panel, a price six times as high would be desirable but 
instead, Sharp expects it will have to settle for one ten 
times as high. In other words, the panel will cost 
¥ 500,000. 


It is difficult to determine how or for what purpose a 
¥ 500,000 panel might be used. It will be too expensive 
for a TV, and the screen is too large for equipment like 
workstations. Sharp says that first it will explore possible 
applications, and until it finds them it cannot settle on 
the final specifications for the panel. Would a screen 
aspect ratio of 4 to 3 be desirable? Is a screen that is 
wider horizontally be better? How much resolution will 
be needed? Sharp must first find answers to these ques- 
tions. 


Sharp plans to settle on specifications through discus- 
sions with the departments involved in development of 
liquid crystal products. The company expects the panels 
to appear on the market as commercial products in about 
two years. 
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Nippon Steel, BS Agree on Surface Treated Steel 
Sheet Technology 


94FE0704F Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 26 May 94 p 14 


[Text] Nippon Steel Corp. and British Steel (BS, main 
office London), concluded a technical cooperation agree- 
ment for improving quality in their steel sheet divisions. 
The technical cooperation is particularly meant for the 
manufacture of surface treated steel sheets used for 
automobile bodies. BS, which has sought to improve the 
quality of surface treated steel sheets from Japanese- 
owned automobile manufacturers in England, asked 
once again for Nippon Steel’s cooperation. Nippon Steel 
had already provided BS with surface treated steel sheet 
production technology in 1991. 


The period of the technical cooperation begins in May 
and extends for two years. Nippon Steel will host 232 BS 
engineers, and will send 50 technicians to BS. The 
engineers received constitute the largest class ever given 
technical guidance. This is because quality control is 
required during the steel manufacturing process in order 
to produced high grade surface treated steel sheets. 


Nippon Steel is providing surface treated steel sheet 
technology to Ilba [phonetic rendition of the Japanese] 
an Italian steel manufacturer. The European steel 
industry suffers from an equipment oversupply, and in 
order to increase competitive power, the number of 
requests for technical guidance from Japanese manufac- 
turers will probably increase. 


Summary of the Report on a Survey of the Current 
Status and Future Outlook for the Semiconductor 
Industry—Mid-Term Vision 

94FE0798A Tokyo DENSHI in Japanese Jun 94 

pp 18-25 


[Nippon Electronic Machinery Industrial Society, Mid- 
Term Vision Committee] 


[Text] 


Introduction 


The Semiconductor Mid-term Vision Committee (chair- 
man, Ryuichi Ozaki, NEC) of the Nippon Electronic 
Machinery Industrial Society has recently compiled the 
results of a survey regarding the current status and future 
outlook for the semiconductor industry. The survey was 
performed by the “Semiconductor Industry, Mid-Term 
Vision Committee” which is comprised of ten members 
from major electronic device manufacturing companies, 
and covers the FY93 business period. 


Tue semiconductors which have come into being during 
this century have fostered dramatic development of 
computers and electronic equipment, and have made a 
wonderful contribution to the building of today’s conve- 
nient and comfortable society. Semiconductors have 
come to be used in all sorts of things which surround us, 
so much so that it would be hard to think of life without 
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them. They will certainly leave an indelible “footprint” 
in the history of technological advancement of the twen- 
tieth century. 


On the hand, because of the widescale industrial expan- 
sion and advancement of technology which accompanies 
high-level growth, the semiconductor industry is begin- 
ning to face various types of problems. Some of these 
include excessive investment with lower return on 
investment, and some are also trade problems. These 
problems cannot be easily resolved if only an extension 
of conventional approaches is used. 


The nature of the semiconductor industry has also 
changed in the ’90s, being driven by “subminiature 
fabrication”, which is associated with higher integration 
levels, large quantity production, higher reliability, and 
faster operational speed. That is, the dramatic improve- 
ment of the level of integration has enhanced the func- 
tions within LSIs, and LSIs have advanced to the point 
where they provide the added value and competitive 
force associated with electronic equipment. As a result, 
“system-on-chip” products (such as microprocessors and 
ASICs) have begun to play an important role in the 
industry, replacing memory chips which have been the 
driving force in the past. 


It is inevitable that these changes have begun to widely 
affect the global semiconductor industry, and has 
resulted in a resurgence of U.S. manufacturing compa- 
nies, advancement of Korean companies, and a stagna- 
tion of Japanese manufacturers. In addition, the Japa- 
nese economy suffers from the breakdown of the “bubble 
economy”, the high valuation of the yen, and shifts 
taking place overseas. This places Japan in a serious 
long-term slump, with wavering confidence and a ques- 
tionable future. 


With troubles both at home and abroad, the semicon- 
ductor industry should play a major role in the future of 
Japan. That is, it would be better to clarify the role and 
vision of the semiconductor industry from a global point 
of view based on the resurgence of Japanese technology, 
rather than to focus on the semiconductor industry itself. 


Therefore, the main theme of this report is not “prob- 
lems of the semiconductor industry”, but rather “the 
resurgence of Japanese technology”. It is our earnest 
desire that authorities will examine and implement the 
proposals given in this report to achieve a rejuvenation 
of the Japanese semiconductor industry. 


1. Current Status of the Semiconductor Market, and 
Changes in the External Environment 


The transistor was invented in the United States in 1947, 
and was used first for American military applications. It 
then began to be used in consumer applications in Japan. 
At first, the main application of the transistor was to 
replace the vacuum tube, but demand for the transistor 
increased dramatically with the appearance of the inte- 
grated circuit. In addition, the achievement of “higher 
integration, volume production, higher reliability, and 
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lower cost” by the untiring pursuit of subminiature 
fabrication, was hastened by the development of the 
personal computer in the 1980s. This brought about 
tremendous growth focusing on memory chips. 


Average annual growth between 1970 and 1993 was 16%, 
and the 1993 market reached about 80 billion dollars. 


However, in view of long-term trends, the market is 
beginning io become sluggish. For example, over the last 
five years (1989 to 1993), annual growth was 11-12%. 
Converted to yen (and due to the high valuation of the 
yen), the annual growth was about 11% between 1970 
and 1993, and for the past five years, only 5-6%. This 
represents a sudden downturn when seen from the Jap- 
anese point of view. 


The “silicon cycle” which is peculiar to the semicon- 
ductor industry, has recently begun to change in conjunc- 
tion with the increasing number of applications. For 
example, the cycle experiences peaks and valleys, and 
during 1992, which should have been a peak year, the 
Japanese market recorded negative growth. The Japa- 
nese market also experienced slow growth during 1992, 
when compared to overseas markets, so it seems that the 
silicon cycle no longer applies to the Japanese market. 


Together with the change in the market environment, 
semiconductor products themselves began to vary 
widely in 1990. That is, during the 1970s and 80s, 
higher integration, volume production, higher reliability, 
and lower cost through the “tireless pursuit of submin- 
iature fabrication’”’ roused demand, and the memory 
chip was the typical product. 


However, in the 1990s, LSIs have acquired a higher level 
of function as well as improved integration levels, and 
the LSI now determines even the level of performance 
and added value of electronic equipment. The LSI is not 
simply an electronic component anymore; it now plays 
the role of the “brain” in electronic equipment. The 
source of the added value in semiconductor products has 
begun to change from “subminiature fabrication” to 
“LSI function’. The microprocessor is a typical 
example. 


These changes which took place in the ’90s are having an 
especially large influence on Japanese manufacturing 
companies which have been strong in “subminiature 
fabrication’. The lower added value associated with 
memory chips has troubled Japanese manufacturers 
because it is linked to lower investment efficiency. In 
addition, the breakdown of the “bubble economy” has 
done away with the ability to obtain inexpensive invest- 
ment means. This is why it seems that U.S. manufac- 
turers have regained the lead from Japanese manufac- 
turers in 1993 in terms of investment amount, with 
improved profit from microprocessors and related prod- 
ucts. In terms of sales also, Japanese manufacturing 
companies, whose one time 50% of the global market has 
been affected by the advancement of Korean companies, 
surrendered their leading position to U.S. manufacturers 
in 1993. In the semiconductor industry, it is said that the 
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amount of investment has an impact on the market share 
several years later, and this trend presents a significant 
warning to Japanese manufacturing companies. 
Improved earnings and investment efficiency are 
urgently needed. 


On the other hand, major changes are also taking place 
worldwide with regard to the electronic cquipment 
market, where semiconductors find their chief applica- 
tion. First of all, within Japan, there has been a loss of 
competitive edge within the electronic equipment 
market due to the high valuation of the yen, and there 
has been shifting overseas. This trend is especially evi- 
dent in the consumer market. In addition, there have 
been stringent demands from abroad, calling for 
increased internal demand, opening of markets, cor- 
recting trade imbalances, and contribution to interna- 
tional efforts. Definite measures have not been adopted, 
and the future outlook is still not clear for Japan. 


Overseas, the United States, which experienced a reces- 
sion earlier in the 80s, began taking strategic steps 
directed toward developing an information-based 
society, by downsizing its work forces. This led to a 
strong recovery from the “domestic hollowing out trend” 
which was at one time prevalent. Europe also has expe- 
rienced a gradual recovery stimulated by the breakdown 
of the former Soviet block, and Asian countries continue 
to experience high growth, as equipment production 
shifts away from advanced countries. 


There also have been regional economical consolidations 
as evidenced by the EC unification, NAFTA, and AFTA. 
The global economy is continually groping for new 
structure, and for the time being consists of three ele- 
ments—global, regional, and market economies. 


Amid these changes in the external environment, Japa- 
nese manufacturers are pursuing new approaches which 
are not simple extensions of conventional thought. Two 
examples of this are the ideas of improving product 
composition (not dependent on memory chips) and 
developing business ties with overseas manufacturing 
companies. Independent companies are taking clear 
steps in this direction. 


However, at the same time, there are also numerous 
problems, such as the trade problems, environmental 
problems, and intellectual property rights, which inde- 
pendent companies cannot handle alone. These prob- 
lems are not likely to be easily resolved through efforts 
made by individual firms. Today, as the Japanese 
economy and Japanese manufacturing companies them- 
selves face these major changes, the time has come where 
we must take a hard look at the prospects for the next 
century. 


2. Outlook for Electronic Equipment Production and 
Semiconductor Demand 


Although there have been short-term fluctuations, 
demand for semiconductors has increased steadily due 
to the increased production of electronic equipment and 
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the increasing amount of semiconductor components 
used in each unit. In particular, development of elec- 
tronic computers in the ’70s and ’80s has determined the 
course for an information-based society, and has been 
the largest factor associated with increased semicon- 
ductor demand. In Japan, the development of consumer 
devices has also contributed greatly to this demand. 


In the 90s, however, demand for semiconductors began 
to change significantly with regard to growth rate and 
content. That is, the breakdown of the bubble economy, 
the slowdown of internal demand, and economic shifts 
abroad caused by the high valuation of the yen, have 
resulted in a negative growth rate for 1992 and single- 
digit growth for 1993; and it appears that slow growth 
will inevitably continue for the time being. 


On the other hand, U.S. and Asian markets overseas 
achieved high growth during 1992-93, largely due to the 
driving force of the personal computer, with the growth 
of microprocesses being particularly high. This indicates 
a departure from the former type of growth which was 
based on memory chips. Future demand for semicon- 
ductors is predicted to be sluggish (about 10% annually), 
and will continue to focus on data processing and com- 
munications equipment directed toward achieving an 
advanced information-based society. The reasons for 
this are: 


¢ Advanced areas such as Japan, the United States, and 
Europe will enter a period of stable, but slow growth, 
and the shift toward production in Asian countries 
will continue. Therefore, there are no prospects for 
high growth of electronic equipment production in 
advanced areas. 

¢ Production of electronic equipment will continue to 
increase in Asia at an average annual growth rate of 
10% up to the year 2000. 

¢ In Russia and Eastern Europe areas, the shift toward 
a market economy will continue to be difficult; and, 
up to the year 2010, the market can not be driven by 
electronic equipment. 


In addition, the nature of demand will change signifi- 
cantly in the future. For example: 


e While the ratio of semiconductors used per each 
electronic device will continue to increase in the 
future, the “system-on-silicon” trend associated with 
more highly integrated LSIs will advance signifi- 
cantly. 

¢ In conjunction with this trend, the time will come 
when the designer of electronic equipment will design 
the LSI, and semiconductor manufacturing compa- 
nies will need to provide not only the LSI, but also 
software components and comprehensive design 
environments. 


3. Future Outlook for Semiconductor Technology 


In the 21st century, the intelligent data communications 
infrastructure, which is expected to have a large impact 
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on the demand for electronic equipment and semicon- 
ductors, will need advanced systems and signal pro- 
cessing technology. These can be classified from various 
different viewpoints. The needs associated with ultimate 
demand for semiconductor products were classified as 
follows: 


Semiconductor product group: memories, processors, 
logic devices, linear devices, and other devices. 


Semiconductor technology elements: process device struc- 
tures, assembly, design methods, test methods, circuit 
systems, commodity technology, production equipment, 
production systems, and other technologies. 


Equipment technology elements: communications pro- 
cessing systems, network systems, wireless/satellite com- 
munications systems, and image processing systems. 


The future needs directed toward major applications are 
shown in Table 1. 





Table 1. Future Outlook for Semiconductor Devices 


Memories 





Larger capacities associated with advanced informa- 
tion media (voice, still images, moving images, and 
3-dimensional images) 





Application specific memories associated with 
diversification of media 





Non-volatile memories to replace external memory 
equipment (associated with trends toward more 
compact and portable equipment) 





Fast access memories for high-speed processing 
engines 





Incorporating memory functions into silicon, associ- 
ated with the advancement of system-on-silicon 





Fast processor engines associated with advanced 
information media 


Processors 





Improved processing capability associated with 
more advanced and smaller communication termi- 
nals 





Application specific type engines associated with 
more diverse and smaller equipment 





Power management technology associated with 
lower power consumption devices 


Improved operational speed and increased gate 
numbers associated with more advanced informa- 
tion media 


Isolated applications associated with improved pro- 
cessor functions (such as operational speed, confi- 
dentiality, and peripheral functions) 





Logic ICs 








Advanced design environments for higher gate num- 
bers (such as advanced CAD and microcell) 


Limitation and specialization associated with the 
progress of signal processing digitalization (such as 
for high frequency transmission/receiving circuits). 





Linear ICs 





Faster and higher bit numbers for AD conversion 





Combined analog and digital associated with the 
advancement of system-on-silicon 





Efficient design methods and environment for 
mixed analog and digital circuits. 
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Other Devices | High-speed/high-bit number DSPs for increased dig- Themes concerning 8. Top-down design environment from the 

ital signal processing;.development and standardiza- design and test system level 

tion of related DSP optimization software (operat- methods 

ing systems, signal processing algorithms, etc.) 9. Next-generation functional languages 

Non-Inoman type processor engines associated with 10. Mixed analog/digital LSI design methods 

the increase of “fuzzy” data processing, recognition 11. Test automation methods 

and judgment processing, also, new logic systems : ; 

such as multiple value logic, and the devices needed Product technology 12. Basic software for peripheral devices 

for these systems. themes (such as operating systems for DSP 

Various types of optical devices associated with the Production technology | 13. Ultra-clean rooms 

advancement of optical communications technology themes age 

(terabit communication) 14. Production simulation technology 

-® ; ; Themes related to 15. Next-generation devices (devices and 
ae optical exchange devices for ATM large-capecity and in sod ciscusiea) 
Bes. high-speed communi- 
Development of future technologies such as large cation 


scale three-dimensional optical integrated circuits. 








As shown in Table 1, future needs will be highly 
advanced and cover a large range. There are many needs 
which cannot be met easily through the efforts of indi- 
vidual companies alone. Upon evaluating these needs, it 
was determined that the research and development asso- 
ciated with these needs should be allocated in the fol- 
lowing way: 


¢ University and public research organizations should 
be in charge of research and development for those 
needs which are either technically advanced or basic, 
but which are not yet clarified. 

¢ Joint government research and development organi- 
zations should be in charge of those needs which are 
technically advanced, basic, and of a follow-up 
nature, and which warrant technical standardization. 
(Follow-up nature means that Japanese manufac- 
turers will follow suit, or that the manufacturers are 
not likely to take the leadership role.) 


For other needs not described above, Table 2 shows the 
needs of individual enterprises or cooperative enter- 
prises which are technology-related themes suitable for 
research and development by government research orga- 
nizations. 





Table 2. Future Technology Themes Suitable for Joint 
Research and Development by Government and Private 
Sector 


1. Basic processes for 4G and later DRAMs 
2. Advanced wiring technologies 
3. Process simulators and design tools 





Process-related 
themes 











Themes pertaining to 4. Next-generation user programmable struc- 
device structures tures 





5. Device simulators and device structure 
design tools 


6. Multichip modules 
| 7. Package design environment 





Themes related to 
assembly 

















In any case, the important thing in examining future 
technology themes is to clarify the direction in which 
Japanese manufacturing companies should head. In view 
of the current situation where LSI design technology has 
been added to subminiature technology (which has been 
the nucleus of the semiconductor industry to date), there 
are two basic directions in which Japanese manufac- 
turers should head. 


One is a continuation of the “unending pursuit of 
subminiature fabrication technology”, taking advantage 
of the excellent production technologies and large 
volume production capabilities. 


The other is to focus on advanced LSI design technology, 
the direction taken by U.S. manufacturing companies, to 
increase the weight of semiconductor products which are 
“design-rich” and have high added value. 


Since there are many factors involved in selecting the 
direction to pursue (including a “middle-of-the-road” 
direction), serious consideration is warranted. However, 
it is clear that we have reached a point where an 
extension of the traditional approach must be reconsid- 
ered, in view of the current situation (where the relative 
competitiveness of Japanese manufacturers has taken a 
downturn, where U.S. manufacturers are experiencing 
recovery, and where Korean manufacturing companies 
are entering the marketplace) and in view of the changes 
which are likely to take place regarding the future 
electronic equipment market and semiconductor needs. 


In particular, it is noteworthy that many of the themes 
suitable for joint research by government and the private 
sector are software related. As the necessity for LSI 
design capability increases, the need for software will 
naturally increase also. However, this is undeniably a 
difficult theme for Japanese manufacturing companies 
which have pursued subminiature fabricating (hardware) 
technologies to date, and it applies also to the entire 
Japanese electronics industry. In retrospect, Japan has 
not cultivated the human resources needed to develop 
superior software. For this reason, there is an extremely 
small population capable of creating such software. 
What this means is that together with focusing on 
software related themes, there is a long-range problem of 
also developing software designers. 
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4. Problems of the Semiconductor industry and 
Mid-Term Vision 


Table 3 shows the “important problems” of the (Japa- 
nese) semiconductor industry as described above, and 
ways to resolve these problems. 





Table 3. Problems and Corrective Measures for the Jap- 
anese Semiconc¢uctor Industry 
Corrective Measure 


Optimize equipment investments (by drastically 
cutting down the amount through the introduc- 
tion of new concepts, etc.), lower costs; shift to 

higher value-added “design-rich” products. 


Reinforce competitiveness with more advanced 





Problem 


Lower investment 
efficiency and less 
profit 








High valuation of 





the yen and emp- electronic equipment; create new Japanese mar- 
tying of the kets (advanced information-based society) 
domestic 

electronic equip- 

ment industry 

Engineering Tras younger engineers (hiring, testing, treat- 
shortage (in par- ment systems. work environment, etc.); shift to 


education systems which encourage indepen- 
dence, (elementary and junior high schools, 


ticular, creative 
personne! and 





system designers) technical schools, and internal corporate educa- 
tion); seek personnel who have an international 
scope (exchange students, foreign students, etc.) 

Continued trade Establish clear vision and international leader- 

problems ship capability for japanese industry (through 


global contribution, etc.), shift more toward 
joint ventures and industrial co-ops 





Excessive compet- Shift from a “horizontal line-up” approach 








itiveness toward individual thinking and mutual interac- 
tion. 

Environmental conserve energy, prevent global contamination 

problems and disturbance, etc. 

Intellectual prop- Communicate continuously between industries, 

erty rights using WIPO and GATT; assure appropriate pro- 





tection and operation. 





It is only natural that Japanese manufacturing compa- 
nies will take up these problems individually; but now 
more than ever before, it is important to have a mid- 
term vision which takes a hard look at the next century, 
to be aware that the semiconductor industry is at a 
turning point, and to regard Japan in its position relative 
to other countries worldwide. From this point of view, 
the mid-term vision which the Japanese semiconductor 
industry should have, is as follows. 


Opening New Markets 


For the semiconductor industry, which is expected to 
experience sluggish market growth, the “creation of a 
high value-added market for the next century” is a 
matter of urgency worldwide. In particular for Japan, 
which lacks an abundance of natural resources, to shift 
from an export-dependent country to one based on 
internal demand, the most important thing is to make 
the change to an advanced information-based society 
quickly. The semiconductor industry is key to achieving 
this. 


JPRS-JST-94-028 
14 September 1994 


Of course, this does not mean that the semiconductor 
industry alone will be able to develop this enormous 
market. In order to do achieve this goal, it is also 
necessary to develop a society-related framework and an 
awareness of the technology revolution. Once this is 
accomplished, Japanese manufacturing companies, 
which rank at the top level worldwide, can be expected to 
lead in this area with confidence and responsibility. 


Also, for potential markets such as Asia, Japan should 
provide active support (personnel, technology, and cap- 
ital) and leadership geared toward opening these new 
markets in the next century. 


On the other hand, there are negative effects that may be 
associated with a sudden technology revolution, and 
these effects must also be dealt with appropriately. For 
example, the effects of data-related crimes, changes in 
the work environment, employment fluidity, changes in 
social systems, and changes in personal lifestyles should 
be considered. In order to assure that no ill effects are 
brought about by the technology revolution, and to 
achieve an appropriate balance between the technology 
revolution and social revolution, it is important to 
always think in terms of “optimization of a semicon- 
ductor technology revolution”. 


New Contributions 


Although it is certain that Japanese manufacturing com- 
panies and industries must address the problems at 
hand, the “worldwide contribution” must also not be 
forgotten. Looking back, Japanese manufacturers 
learned their technology from the “Silicon Valley” in the 
United States, and are now ranked at the top worldwide. 
However, the semiconductor industry is experiencing 
numerous problems on a global basis, and has reached a 
turning point. The world expects Japanese manufac- 
turers and industries to tackle these problems directly, 
and to establish the direction of the next century; doing 
so would assure Japan’s position in in the global com- 
munity. 


While Table 2 shows many of the problems being faced, 
the following discussion covers examples related to 
“worldwide contribution”. 


*Support for Basic Research of Cutting Edge Technolo- 
gies 


Criticism such as “subminiature fabrication will not be 
the source of semiconductor advancement” began to be 
heard in the 1990's. In reality, this type of opinion arises 
from the simple logic which holds that subminiature 
fabrication equals higher density memories, and that the 
shift toward higher density memories exceeds the asso- 
ciated demand. However, subminiature fabrication tech- 
nology is not associated with the development of higher 
density memories alone. It is also essential to achieving 
a “large-scale system-on-silicon” in the future, and 
advancement of subminiature fabrication and higher 
density levels is needed. 
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However, there is a big problem associated with “the 
future of subminiature fabrication” in today’s semicon- 
ductor industry on a worldwide basis. It is more of an 
“economical problem” than a “technological problem”. 
That is, although there is a bright outlook for the 
advancement of subminiature fabrication technology, 
the economical outlook for mass production is not good. 
Table 3 expresses this problem as “drop in investment 
efficiency”. 


This problem must be quickly resolved by somebody. 
But, who should (or is capable of) doing this? The answer 
to this should be clear. The ones who have received the 
most benefits by incorporating advanced subminiature 
fabrication technology into memories, in other words, 
the Japanese manufacturing companies, should be 
responsible for this. The Japanese manufacturers, by 
breaking through the problems on a global basis, will 
contribute not only to the advancement of semiconduc- 
tors worldwide, but will also secure a global leadership 
position in the next century, as the backbone of submin- 
iature fabrication advancement. However it will be dif- 
ficult to resolve this problem using the conventional 
approach which has been used in the past. This is 
because individual companies are already suffering from 
the increased cost of research and development and the 
lack of qualified personnel, and there is no favorable 
outlook for a change in these circumstances. 


For these reasons, I would like to propose that facilities 
be established for the “International Improvement of 
Efficiency of Research and Development”. The expen- 
ence gained through promotion of subminiature fabrica- 
tion techniques, and the capabilities of related industries 
such as production equipment manufacturing, have been 
the strong points of Japanese manufacturing companies 
for some time. On the other hand, U.S. manufacturers 
have capabilities associated with system design, soft- 
ware, and DA. For both U.S. and Japanese companies to 
adhere to their current positions and think only of 
pursuing the strong points of each other would have a 
negative impact on the worldwide advancement of semi- 
conductors. It would be preferable for those excelling in 
a particular area to further enhance those capabilities, 
and then to implement them worldwide in an appro- 
priate manner. 


Therefore, I would like to propose, as a facility which 
would make use of the strong points of Japanese manu- 
facturing companies on for global basis, the construction 
of a “Worldwide Research Center for the Subminiature 
Fabrication and High Density (low-cost) Technologies 
Needed for the Beginning of the 21st Century” in Japan. 
If this research center were to be managed as an inter- 
national organization where overseas researchers would 
be welcome, and the results of the research were to be 
protected and managed based on international regula- 
tions, this would provide an international contribution 
toward the advancement of semiconductors. If this type 
of international organization were to function well, it 
could also be beneficial in training qualified personnel 
and implementing technologies. 
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Inasmuch as the semiconductor industry holds the posi- 
tion of being a competitive base industry in the next 
century worldwide, international cooperation of cutting- 
edge technology is not likely to be so easily achieved. The 
advantages and disadvantages, and the survival of indi- 
vidual companies worldwide is of a complex nature, and 
opposition (trade problems) could become even more 
intense. However, the short-sighted disputes sur- 
rounding the competitive base industry of the next 
century should not continue forever. There is little to be 
gained from both sides from this type of opposition, and 
it will have a negative impact on the progress of the 
industry. 


Fortunately, the chance for globalization and interna- 
tional cooperation is increasing on a worldwide basis, 
and it is good that international ties are being made 
between individual companies. The Japanese industry 
should definitely move toward promotion of interna- 
tional cooperation based on these actions, and it is my 
sincere hope that Japan will be the worldwide leader 
because of its convictions and sense of responsibility. 


5. Addressing Long-Term Problems 


As I have touched upon the current status, future out- 
look, an? numerous problems associated with the semi- 
conducto. i dustry, it is also necessary for the structure 
of the Japanese industry to change significantly, geared 
toward a future advanced information-based society. 
Although the role to be played by semiconductors in 
conjunction with this is becoming increasingly impor- 
tant, the environment surrounding Japan's semicon- 
ductor industry is also becoming harsher, and the 
number of problems which cannot be resolved by indi- 
vidual companies alone is increasing. 


Based on these considerations and this awareness, and 
together with the activities of this mid-term vision 
committee, there has been increasing call for establish- 
ment of the “Semiconductor Industry Research Center” 
(a think tank for the Japanese semiconductor industry) 
as an organization to develop a course of action, in order 
to energize the Japanese semiconductor industry and to 
challenge the many possibilities which can be achieved 
through semiconductors. (Note: this organization was 
established April 28, 1994.) 


This research center approaches the problems discussed 
above from a long-term and strategic point of view, and 
its chief mission is to provide the research results to 
industry and society. Therefore, its activities are 
expected to encompass not only the industrial world, but 
will also call for cooperation from the government and 
academia. 


The programs being dealt with at the research center can 
be basically divided into four groups—promotion of 
technical advancement, contribution to society, energi- 
zation of the semiconductor industry, and global-related 
programs. These four programs will be discussed below. 


Program for the Promotion of Technical Advancement 


First, it is necessary to classify and evaluate each of the 
themes described in the “Outlook for Semiconductor 
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Technology”, and to develop a long-range plan for the 
technical development of the semiconductor industry. 
(This includes materials, process technology, design 
technology, device technology, production equipment, 
and inspection equipment.) Then, we can establish long- 
term and advanced technical objectives. A strategic 
initiative which considers a cooperative system between 
industry, government, and academia would be desirable 
from a global point of view. 


In conjunction with this, an initiative pertaining to the 
“training of personnel capable of bringing about a cre- 
ativity-based technology revolution” can also be 
expected, based on a generation in which product design 
capability will be emphasized. For example, “reconsid- 
eration of the education system”, or “cooperation 
between industry and academia in the training of per- 
sonnel” might be considered. Another possibility is to 
seek personnel from abroad. 


It is also necessary to consider further reinforcing the 
research and development system. Among other possi- 
bilities, research could be assigned to universities or 
public research organizations, the creation of specialized 
research organizations could be encourayed, or joint 
industry and academic research could be promoted, 
depending on the research theme at hand. 


Program for Contribution to Society 


With the end of the cold war, the world has undergone 
sudden changes, and the semiconductor industry can no 
longer be thought of as belonging to any particular 
country. In particular, even though Japan is regarded as 
an “economic haven” it is sometimes perceived from a 
global point of view as irresponsible or a “special type” 
of country, while within Japan there are serious prob- 
lems such as economic emptying, the aging of the popu- 
lation, and a sharp decrease in the younger population. 
Under such circumstances, in what ways should the 
semiconductor industry contribute to society, being the 
“strategic base industry for the 21st century”? 


The first contribution to come to mind is “enhancing the 
lives within the country”. This would stimulate internal 
demand and at the same time be an effective way to 
correct Japan’s trade imbalance. Some specific ways of 
doing this might be supporting and reinforcing the 
activities of the domestic electronics industry, dealing 
with the aging population, and achieving a “comfort- 
able” society. One effective method to achieve an 
advanced information-based society is linked to the 
creation of a new high value-added market. In doing so, 
electronic equipment manufacturers and semiconductor 
manufacturers should collaborate to more effectively 


promote this approach. 


Also, on an international basis, supporting potential 
markets such as Asia with personnel, technology, and 
capital, and making positive contributions toward global 
environmental problems (in terms of technological 
development) can also be expected. 
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Semiconductor Industry Revitalization Program 


For the industry, which 1s suffering from sluggish market 
growth and reduced investment efficiency and profit, 
“drastically reducing industrial costs”, together with 
creating new internal demand are important means of 
revitalizing the industry. In particular, with regard to the 
costs associated with research and development, equip- 
ment, and capital procurement (which have much room 
for scrutinizing), initiatives should be developed which 
analyze the actual conditions, compare the international 
competition, and identify problems, together with 
drastic reduction of costs 


Since a tremendous amount of funding is needed to 
cover research and development costs and for equipment 
investment, for the semiconductor industry, which has a 
large mpple effect on other industries, tax incentives 
which provide support in the international arena, should 
also be examined and proposed. 


International Programs 


Although it has already been said many times, the 
semiconductor industry requires international coopera- 
tion, but achieving an appropriate lieve! of competitive- 
ness and effective international cooperation amid a 
continuing environment of cut-throat competition, ts 
not so easily accomplished. However, this 1s something 
which must be achieved above al! else. for the base 
industry of the next century. Af least, this industry 
should not follow the history experienced by other unfor- 
tunate industries 


The first and foremost element is “to develop means of 
exchange with other countries”. These exchanges can be 
roughly classified into two groups: those imvolving 
acvanced countries, and those with middle and devel- 
oping countries. In both cases. the exchange should be 
earnest and continuous, and should involve the govern- 
ment and industry of the partner country. The Research 
Center described above could provide a means of 
achieving this. In addition, one way of helping to eum- 
inate friction ts to cal! for an “investigation of interna- 
tional demand balance” and a “world semiconductor 
conference”. This would also prevent any further wors- 
ening of the semiconductor market and cultivate 
exchange. 


Next, an imitiative which 1s geared toward the establish- 
ment of international unification rules ts needed to 
facilitate international exchaneec. In particular, the rules 
pertaining to international disputes which involve 
claims of dumping and violation of intellectual property 
rights need to be clarified. While some rules have already 
been established, such as GATT and WIPO, they are not 
always interpreted the same way by differen\ countries. 
However, for widespread internationa! exchange to take 
place in the future, if 1s essential that each country 
establish common rules. One possiduility might be for the 
research center to address the establishment of an “inter- 
national semiconductor standard cost computation 
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method” or an “international semiconductor organiza- 
tion”. There are also many problems which should be 
approached from a unified rule point of view. These 
include intellectual property rights, country of origin, 
and standardization. 


Last of all, with regard to the complex and continuing 
trade friction issue, it has become necessary for the 
semiconductor industry itself to examine a ““comprehen- 
sive trade policy”. Japan’s industrial sector sometimes 
tends to take a passive position, such as depending on 
the government to solve the problems. However, the SIA 
is a dynamic organization which takes advantage of the 
National Diet, the government, and mass communica- 
tion facilities to protect businesses, the industrial sector, 
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and in turn assure the national safety. Korea has also 
recently formed the KSIA and has begun to expand its 
operations from a national point of view. 


By studying and initiating a “comprehensive trade 
policy”, the research center will not only be supporting 
the economic growth of Japan, it is urgently needed also 
from the view point of revitalizing Japanese technology 
and assuring economic safety. As a participant in this 
wonderful industry, it is my sincere hope that this 
research center overcomes the immediate difficulties it is 
facing, and becomes a forerunner to open the 2\st 
century, which is full of hope and expectations. 
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US, Japan To Cooperate on Industrial Technology 
Development 


Tokyo NIKKEI SANGYO SHIMBUN in Japanese 
2 May 94 p 1 


[Text] The specifics of the agreement, “Cooperation 
Related to the Development of Civilian Industry Tech- 
nology,” which was discussed at the Japan-U.S. Compre- 
hensive Economic Talks are firmed up. According to 
them, both Japan and the U.S. governments will select 
the development themes including 10 items such as 
materials for semiconductor and carbon fiber, and pro- 
ceed with a joint research on them starting this fall. They 
will exchange the text of the agreement early June. They 
will proceed with their cooperation with the “military- 
civilian conversion” at the center, which converts the 
military technology into a civilian use by combining 
Japan’s technology for civilian use with the U.S.’s milli- 
tary technology. Both governments will seek a participa- 
tion from their private-sector businesses. 


Joint Research, Agreement as Early as on the 6th. 


Both Japanese and the U.S. governments foresee an 
overall agreement pertaining to this technology cooper- 
ation between MITI Minister Hata and Commerce Sec- 
retary Brown, both participating in the East-West Eco- 
nomic and Trade Minister-level Conference held in 
Warsaw, Poland, starting May 6th. 


Japan and the U.S. stood on the opposite sides at the 
Japan-U.S. Comprehensive Economic Talks held in 
Washington, D.C. last February over the issue of objec- 
tive criteria including numerical objectives, and did not 
come to an agreement on 3 priority area of government 
procurement, insurance, and automobile and parts 
thereof. However, there was an agreement achieved on 
the “Cooperation on the Global Perspective” such as 
population and environmental issues, and they were to 
fill in the specifics of cooperation pertaining to the 
civilian industry technology as one area of the ““Cooper- 
ation between the Two Nations concerning High Tech- 
nology” which is contained in this. 


Out of 10 items of the cooperation proposal, the priority 
will be place on 4 items. Those 4 items are the applica- 
tion of aluminum nitride used for tank’s armor plate to 
the civilian semiconductor, the process to convert 
carbon fiber composite material used as a structural 
material for the space shuttle and aircraft into civilian 
products, environmental technologies such as factory 
waste fluid treatment and noise prevention, and protein 
structural analysis. 


In terms of technology cooperation outside these 4 items, 
there are FA (factory automation) system which can 
realize an advanced factory automation utilizing with 
the machinery the target homing device outfitted to a 
missile, the liquid crystal display device used with the 
high quality television such as the high density televi- 
sion. The military technology that the U.S. holds and the 
applied technology directed to the civilian use in which 
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Japan exceeds will be combined to enhance the develop- 
ment efficiency. The ultimate direction is to jointly 
develop the 10 items. 


The thinking on the part of the U.S. government is to 
send its facts-finding mission with both government and 
non-government personne! to Japan in June, and to 
obtain the final agreement on the research cooperation. 
Upon accepting this, both Japan and the U.S. will set up 
joint project teams by national research organizations, 
and will engage in the research on each of the themes as 
early as this fall. The Japanese government will invite, 
via the New Energy and Industry Technology Compre- 
hensive Development Organization (NEDO), a special 
corporation, private-sector businesses to participate in 
the project. 


Patent Office to Revise Patent Law 


94FE0694A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 7 Apr 94 p I 


[Text] The Patent Office will revise the Patent Law to 
further strengthen the protection of rights of an inventor. 
The main items on the agenda are: 1) The duration of 
patent rights will be extended by 5 years to, in essence, 
20 years; 2) the conditions under which the state is 
allowed to invoke the “compulsory license”, whereby it 
instructs for a patent right to be made available to a third 
party for the reasons such as welfare, will be tightened; 
and 3) the range covered by a patent will be expanded. 
This is a step taken as a result of accepting the trade- 
related aspects of intellectual property rights (TRIP) 
from the Uruguay Round of the General Agreement on 
Tariffs and Trade (GATT) at the end of last year, and 
their thinking is to have them enforceable by January, 
1995, when the agreement goes into effect. The plan is to 
present the amendments at the special session of the Diet 
this fall. 


As for the duration of a patent, the current law states, “‘it 
is 15 years from the time of publication of the applica- 
tion. Provided that it shall not exceed 20 years from the 
date of application,” but it will be amended to read, “‘it 
shall expire after 20 years from the date of application.” 
As a result, the protection period for a patent will in 
essence become 20 years from the present maximum of 
15 years, and the royalty payments to corporations and 
individual inventors will increase. The amendments will 
cover the inventions already applied and under exami- 
nation. 


It is not too infrequent for a pharmaceutical company, in 
particular, to spend about 10 years to commercialize a 
product and to have its patent expire soon after its sales. 
Since an enormous amount of capital, ¥ 10 to 15 billion, 
is required for the development of one new drug, the 
extension of the duration of a patent is viewed to work 
favorably for the operations of pharmaceutical compa- 
nies. 


The conditions under which the state is allowed to 
invoke the “compulsory license,” whereby it can limit 
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the use of a patent owned by a particular patent holde: 
only for the purposes which would benefit the public 
such as the development of a device for the purpose of 
welfare,will be tightened, which will strengthen the pro- 
tection of a patent owner. 


To be specific, they are: 


1) the compulsory license of a “utilization invention” 
applying the “primary invention” already patented will 
be limited to “that which is important in terms of 
economy and which accompanies a technical progress”’; 


2) the invocation of compulsory license pertaining to 
semiconductor technology is limited to the cases such as 
welfare and non-commercial purposes. 


Although the Japanese government is yet to invoke a 
compulsory license, warnings voiced among foreign 
companies possessing basic patents in Japan have been 
heard, “there have been cases wherein Japanese compa- 
nies have hinted on the compulsory license by the state, 
and have tried to move the negotiations for the agree- 
ment on the use of basic patents in favor of them.” The 
Patent Office views the present amendments to remove 
such worries. 


Japan, U.S., Europe To Establish Uniform Patent 
Examination Rules 


94FE0694B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Apr 94 p 4 


[Text] Japanese, the U.S., and European Patent Offices 
will establish rules for examination procedures and the 
investigatory range for prior art materials in order to 
avoid discrepancies in examination in the are of high 
technologies. It is aimed at preventing the situations 
where the judgement rendered by each Patent Office on 
the same invention differs from the others’. At the sarhe 
time, the implication of this is also to put each Office’s 
thinking to align with the others’ in preparation for new 
rights protection issues such as gene therapy to surface. A 
conference for the experts will be held in Tokyo for 4 
days starting on 23 May to hash over and decide on 
common rules, which will officially be decided on at the 
meeting by the heads of the three Offices scheduled to be 
held in November. 


One of the friction points in terms of international 
patents is caused by the fact that a research result in a 
high technology field such as biotechnology is patented 
in some countries and not in others. To deal with this, 
the Offices in Japan, the U.S., and Europe began, on the 
basis of the agreement made at the meeting for the heads 
in October, 1992, the work of verifying the examination 
documents belonging to the respective office. 


Specifically, they picked out high technology inventions 
from the electrical, mechanical, and chemical fields 
which are likely to be submitted for application in each 
of Japan, the U.S., and Europe via the Patent Coopera- 
tion Treaty (PCT), compared the search reports (the 
review reports on the documents pertaining to prior arts) 


Science and Technology Policy 41 


by each Office, and checked on the discrepancies. As a 
result, the differences in the way an examiner would 
understand progressiveness and in the range of investi- 
gation pertaining to prior arts documents were discov- 
ered. 


According to the Patent Office, the PCT includes an 
agreement as to what range the prior art documents are 
to be investigated over. However, biases have been 
observed as to the documents for investigation in such a 
way that the data from each one’s own country played a 
central role. 


In contrast, at the upcoming meeting the formation of 
rules including an issue as to the extent of range of 
investigation when the contents of the application are 
changed on account of the differences in the systems of 
each of the countries is to be pushed. 


To give an example, Japan and Europe do not acknowl- 
edge the patentability of a treatment of an illness because 
it is that which utilizes human body and not an inven- 
tion utilizing a natural law. For that reason, when a U.S. 
inventor was to submit an application in Japan and 
Europe, it is conceivable that he may alter the contents 
of his application in terms of a drug or the manufac- 
turing method thereof. 


FY93 Private Industry R&D Expenses Go Up 
Slightly 


94FE0694C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 14 Apr 94 p 5 


[Text] [Boxed material] The Science and Technology 
Agency compiled the 1993 edition of “An Survey Repori 
on Research Activities by Private-sector Enterprises” 
and made it public on the 13th. According to that, the 
research and development allocation for all the compa- 
nies researched was ¥ 5,796.4 billion on the basis of the 
1993 planning, and it was a slight recovery with an 
increase of 0.2% as compared to that of the previous 
year. To look at this by the size of an enterprise, the 
companies with the capital of less than ¥ 100 billion were 
on the up-turn, while those with the capital of more than 
¥ 100 billion continued to be on a down slide which 
continued from the previous year, and the sign of their 
recovery is yet to be seen. The steel industry in particular 
experienced a huge drop with a decrease by 18.9% as 
compared to the previous year. Further, the hiring plan 
for the science and technology personnel is also down by 
19% as a whole, but the margin of decrease is small as 
compared to that for those in liberal arts. 


This survey is conducted annually, directed toward man- 
ufacturing companies with the capital of more than ¥ | 
billion in order to obtain basic data to prepare the 
“Science and Technology White Paper,” and the survey 
for this was sent to 1,444 companies, 865 of which 
responded the survey (the response rate being 59.5%). 
The survey was as of June, 1993. 


¥ 5,796.4 billion 
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First of all, the total of the research and development 
allocation for the 693 companies with effective 
responses was ¥ 5,796.4 billion on the basis of the 1993 
planning, an increase of 0.2%. The comparison to those 
of the previous year by the size was an increase of 3.0% 
for the companies with the capital of less than ¥ 5 billion, 
of 3.2% for the less than ¥ 10 billion, of 1.4% for the less 
than ¥ 50 billion, of 2.7% for the less than ¥ 100 billion, 
but a decrease of 2.3% for the more than ¥ 100 billion. 


To look at the figures by the type of business, it was a 
decrease of 18.9% for steel, of 8.6% for ceramics, of 0.6% 
for machinery, and of 3.7% for communication/ 
electronics/electric instruments industries. On the other 
hand, the industries turning on the plus side are: an 
increase of 0.3% for pulp/paper industry, of 1.7% for 
comprehensive chemical industry, of 1.2% for electric 
machinery and devices industry, etc. 


The average proportion for the research and develop- 
ment allocation in the sales among the 675 companies 
with effective responses was 3.67% of the 1992 actual 
sales, and 3.66% of the 1993 projection, an decrease of 
0.01 point. To see this by the type of business, the 
industries with high figures in relation to the 1992 actual 
sales are 10.3% for communication/electronics/electric 
instruments industries, 9.86% for medical and pharma- 
ceutical, and 8.24% for precision machinery industry. 


Large Decrease in Hiring 


The survey also asked for each company’s hiring plan for 
science-related personnel from the standpoint that the 
promotion of science and technology contributes to the 
development of the research personnel. According to the 
tally for the 387 companies with effective responses, the 
hiring projection for 1993 was a decrease of 19% as 
compared to that of the previous year, and the actual 
hiring was a decrease of 20%, both of which were 
substantial decreases. However, the extent of either 
decreases was small as compared to those of 23% and 
25%, the projection and actual for the liberal arts per- 
sonnel respectively. At the same time, the “Survey 
Report on the Status of the Nation’s Research Activi- 
ties’ conducted with researchers and research adminis- 
trators in the industry-university community as its target 
population in order to prove the moving-away tendency 
by today’s youth from science and technology was also 
made public. The survey was sent to 1,457 researchers 
and research administrators in 6 high technology fields 
such as biotechnology, materials, information/ 
electronics, etc., 1,001 of whom responded. 


The survey shows that 15.2% for “I feel strongly” the 
youth moving away from science and technology, 56.1% 
for “I feel some,” representing 71.3% for both combined, 
which greatly exceeded 14.0%, “I don’t feel much” and 
“I don’t feel at all” combined. 


“The treatment of those in science and technology in the 
society is poor” (67%), “subjects such as physics, chem- 
istry, etc. have lost their appeal as their emphasis has 
become the technique for the entrance exam due to the 
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excessive pressure for the university entrance exam 
competition” (40.1%), and “the joy of science is not 
communicated to the youth” (36.0%) were listed among 
those contributing to the cause. An opinion, “the state 
and companies should greatly improve the treatment of 
researchers and those in science and technology,” was 
among the opinion expressed often as a measure to deal 
with it. 


Patent Office, JICA To Assist Thailand’s Patent 
Processing Automation 


94FE0694D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 28 Apr 94 p 7 


[Text] The Patent Office, in an effort to support Thai- 
land’s automation of its patent examination, will dis- 
patch a fact-finding mission made up with both govern- 
ment and non-government personnel as early as July, in 
cooperation with the Japan International Cooperation 
Agency (JICA). The purpose is to respond to the urgent 
requests for support in the information field made at the 
meetings for patent experts and at Japan-ASEAN (Asso- 
ciation of South-East Asian Nations) Economic Summit. 
They will listen to the requests there, and draw up a 
network structure, data processing, and personnel devel- 
opment plan. At the same time, as part of the support for 
the automation of the system, a CD-ROM storing 
Japan’s patent data will be made available free of charge 
starting the spring, 1995. The future link-up to Japan’s 
patent information on-line search system, “PATOLIS,” 
is also planned. The Patent Office wants to look at this 
support as a touchstone for the support for automation 
of examination toward developing nations. 


Touchstone for Cooperation with Developing Nations 


According to the Patent Office, the Intellectual Property 
Department, its Thai counterpart, utilizes about 60 
computers for its general affairs. In contrast, the intro- 
duction of them has hardly been extended to the exam- 
ination sector. For Thailand and other developing 
nations, unlike the advanced nations, the volume of 
patent applications is small, and there is no need to 
follow the scale merit as in Japan, the U.S., and Europe. 


It would be a wasteful investment to have a large-scale 
paperless system with a large quantity of peripheral 
devices attached to the host computer employed by 
Japan’s Patent Office: 


For this reason, the Patent Office is considering, in 
¢onjunction with the present support effort, the intro- 
duction of the “client server system”’ with computers to 
be linked to LAN (Local Area Network) being equipped 
with both a function as a peripheral device and a 
function for data-processing in response to the command 
from each peripheral device. 


It is possible to connect however many computers to this 
network system, and its application software are easy to 
develop. With the accumulation of data and the 
improvement of the processing ability, it itself will 
become an “invisible information center.” 
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The Patent Office states, with a plan of expanding to 
other ASEAN nations the present support to Thailand 
being used as a test case, “it will end up having a huge 
information center in the Southeast Asia with Japan’s 
cooperation if, in the future, each country’s network gets 
connected with the others.” 


The CD-ROM to be made available for free of charge is 
Japan’s patent application data in a computerized, 
abridged English version, and contains about 3 million 
cases. The ASEAN nations had urgently been requesting 
them so as for them to use as reference for their own 
domestic examination. 
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Shimazu Corporation and Tokyo Institute of 
Techno Develop New Me for Analysis of 
Atomic Distribution on HTSC Surfaces 


943FE0859C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 8 Jul 94 p 7 


[Text] Shimadzu Corporation (president: Mr. Kikuo 
Fujiwara) and the Tokyo Institute of Technology’s 
Industrial Material Laboratory research team, headed by 
Professor Hideomi Koinuma, have succeeded in ana- 
lyzing atomic distribution on a top layer surface of a 
single crystal strontium titanate (STO). The analytical 
technique thus established is the world’s first. STO is 
used in a substrate material for its high-temperature 
superconducting material. The establishment of the ana- 
lytical technique of the first layer makes the formation of 
stable laminated layers of superconducting thin film 
possible, thus greatly improving superconductivity. It 
appears now that the development of a practical type of 
next generation devices using much anticipated ultra 
high-speed arithmetic elements, such as Josephson ele- 
ment and ultra high-speed transistors, and advanced 
infrared sensors, will move forward at an accelerated 
pace. 


Theoretical explanation of the presence of titanic acid 
and strontium in mixture on the top layer of approxi- 
mately 2-angstrom STO surface already has been 
attempted. The existing analytical methods, such as of 
high-speed electron beam refraction device (RHEED) 
and photo electron spectral analysis system (XPS), 
cannot distinguish chemical elements. With the present 
technology, superconducting thin film, such as yttrium 
barium copper (YBCO) film, is formed without first 
finding out anything about a surface condition. This has 
resulted in poor quality crystalline, making it impossible 
to draw out superconductivity. Consequently, it has 
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never reached a practical utilization stage. Using a 
coaxial direct collision ion scattering spectral equip- 
ment, the “CAICISS,” the newly developed method has 
succeeded in the atomic-level analysis of surfaces. At the 
Tokyo Institute of Technology, the research group has 
learned that, under a high-temperature condition, if a 
titanic acid layer is MBE-processed (molecular beam 
epitaxy), it becomes a strontium layer and produces the 
formation of stable and good-quality film. Since YBCO 
and other superconducting thin film laminated layers 
can be controlled freely, it becomes feasible to develop 
stable superconducting materials which, in turn, 
improve, production yields. 


The spectral equipment in question was developed 
jointly by Shimadzu Corporation and the Institute of 
Physical and Chemical Research. It is used to measure 
the amount of reflected energy by impacting a surface 
atomic layer with helium ions whose motions are accel- 
erated to 0.3 keV on a sample surface. It is claimed that, 
insofar as substrates and top layers of thin film are 
concerned, the types and arrangements of atoms can be 
analyzed real time if effects of scattering ions can be 
prevented from occurring by coaxially placing a detector 
and an ion source and collision of titanic acid and 
strontium ions is to occur at the angle of incidence, since 
it allows the utilization of properties which do not affect 
below-surface layers and the direct connection of the 
equipment to a film formation vacuum device. 


The establishment of the techniques for analysis of 
surface state will contribute substantially to the develop- 
ment of such an ultra high-speed arithmetic element as 
Josephson element and high performance sensors which 
turn superconducting materials into insulated bodies. 
The new technology also will contribute to the develop- 
ment of a catalyst and dielectric memory which uses 
insulation oxide. 
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Sanken Provides Design Technology for Large 
Forging Furnace to Korea 


94FE07044 Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 5 May 94 p 7 


[Text] Sanken Sangyo, an industrial furnace design and 
engineering firm, is providing technology in four fields 
to Sanzenri [Japanese pronunciation] Machinery (Chun- 
gnam), a leading Korean industrial furnace manufac- 
turer. This includes design technology for large forging 
furnaces. Sanken is also handing over the Korean com- 
mercial rights for these technologies to Sanzenri. The 
contract amount is 40 million yen, and 4% of sales will be 
taken as a royalty. 


Due to an increase in Southeast Asian orders for indus- 
trial furnaces, Sanken is also looking into making San- 
zenri its base for Asian exports and commissioning the 
company to produce export items. 


Sanken is providing design technology for “continuous 
steel slab furnace for rolling steel’, “large forging fur- 
nace”, and “furnace for continuous heat treatment of 
pipes” as well as “on-off combustion technology” for 
maintaining homogeneous temperatures within a fur- 
nace. The contract period is nine years, beginning last 
December. After May, several technical trainees from 
Sanzenri will be taken on. Sanzenri expects an annual 
increase in sales of 500 million to | billion yen by this 
advance into new fields with the technology provided. 


Sanken had already been active in the Korean market, 
but will now hand over commercial rights in these four 
fields to Sanzenri through technical cooperation. How- 
ever, Sanken will continue business activities for fur- 
naces other than these four, such as aluminum welding 
furnaces and platform heat treatment furnaces. 


The need for industrial furnaces is increasing in South- 
east Asia, and Sanken’s orders are increasing as well. The 
rise in the yen makes it necessary to replace production 
commissions to domestic subcontractors with foreign 
production; therefore, Sanzenri will be commissioned to 
produce industrial furnaces for Southeast Asia. 


Sanzenri will be in charge of Southeast Asian business 
activities, design, and engineering, and Sanken plans to 
make the company its Southeast Asian production base. 
Sanken will sell to Japanese-owned automobile-related 
manufacturers and overseas Chinese steel manufacturers 
that have advanced into Southeast Asia; its goal is to 
increase the percentage of foreign orders, with the cur- 
rent 10-15% raised to 25% after five years. 


Exhaust Gas Recycle Technology Transfer to 
China 

94FE0704B Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 9 May 94 p 11 


[Text] Chiyoda Chemical Engineering and Construction 
Co. and the Petroleum Energy Center (PEC) are in 
charge of a cooperative project meant to conserve energy 
and protect the environment in China. This is one part 
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of a model project implemented by the New Energy and 
Industrial Technology Development Corporation 
(NEDO), and both parties will join forces on technolo- 
gies that will recycle exhaust gas from oil refineries for 
electric power. The project begins this year, and is 
expected to cost 2.5 billion yen and take 30 months. 
Chiyoda Chemical Engineering is putting its efforts into 
environmental protection projects meant for developing 
countries. 


The model project is a collaboration between NEDO, the 
National Planning Commission of China, and the China 
Petrochemical Company (CINOPEC); a power recovery 
device incorporated into fluid catalytic cracking (FCC) 
equipment will be provided to a refinery (7 million 
tons/year) in Shandong Province that fills Russian 
orders. 


Chiyoda Chemical Engineering is in charge of engi- 
neering work on equipment related to petroleum 
refining, and the PEC is in charge of operating the 
equipment and training workers in charge of mainte- 
nance. The equipment is part of a system that vaporizes 
crude oil at high temperatures and separates it into high 
octane gasoline and light oil, then uses the high temper- 
ature, high pressure exhaust gas produced from the FCC 
recycling tower to generate domestic power with an 
expander turbine. In addition to reducing power con- 
sumption, the system captures catalytic particles con- 
taining heavy metals, which were formerly released into 
the atmosphere; this helps the environment. 


Chiyoda Chemical Engineering has also been entrusted 
by NEDO to collaborate with the Engineering Associa- 
tion on a simple denitration device for China’s Choju 
[Japanese pronunciation] Chemical Engineering Co. in 
Chongqing; this is part of the Clean Coal Technology 
Model Project for aiding efficient coal utilization and 
poliution prevention. Technical cooperation will 
increase in the future, due to increases in the number of 
environment-related projects in China and Southeast 
Asia. 


Technical, Financial Aid for Expansion of Egypt 
Steel Mill 


94FE0704C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 16 May 94 p 1 


[Text] NKK, Kobe Steel, and Tomen, which are 
financing Alexandria National Iron and Steel (ANSDK), 
Egypt’s sole integrated iron and steel manufacturing 
company, are providing joint financial and technical aid 
for a production expansion project at ANSDK- 
supported El] De Qera [actual spelling unknown; based 
on phonetic rendition of the Japanese] mill. The compa- 
nies decided to agree to ANSDK’s doubled capital 
increase so funds for expanding facilities could be raised 
by the 15th. A cooperative aid structure will be adopted 
at the same time, which includes providing technology 
for remodeling electric furnaces and for new smelting 
and rolling equipment. The project will also be financed 
by the International Finance Corporation (IFC), an 
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organization affiliated with the World Bank. Egyptian 
iron and steel facilities cannot keep up with the 
increasing demand for steel, and ANSDK asked NKK 
and the other companies for help. 


ANSDK is the Egypt’s largest iron and steel manufac- 
turing company, with a capital of 235 million pounds 
(about 7 billion yen); NKK is financing 5%, Kobe Steel 
3%, and Tomen 2%. The subsidiary El De Qera mill is 
equipped with two direct reduction furnaces and one 
electric furnace, and has an annual production capacity 
of 750,000 tons of bar steel and wire rods. The mill is 
currently keeping up with an annual production of a 
million tons, which greatly exceeds equipment capacity, 
in response to Egypt’s sudden increase in demand for 
steel. Because capacity exceeds the limit, production 
capacity will be increased to 1.5 million tons per year, 
and NKK, Kobe Steel, and Tomen are cooperating in all 
aspects of the project. 


The financing needed to double facility capacity is 230 
million dollars (about 24 billion yen). ANSDK will 
double the capital increase by capital compensation, and 
70 million dollars of the capital increase is allocated to 
an equipment fund. For this reason the three Japanese 
firms are agreeing to a doubled capital increase in 
proportion to the percentage of their investment. The 
remainder will be supplied by financing from the IFC, 
which is investing 2.6%, and from local financial insti- 
tutions. 


NKK and the other companies are also cooperating on 
the technical side for facilities expansion. In addition to 
providing technology for remodeling the electric furnace, 
the companies plan to adopt an aid structure for pro- 
viding new smelting equipment other than furnaces and 
expanding rolling equipment, as well as increasing staff 
through temporary loans of technicians. 


The feasibility study for the expansion project took place 
last autumn, and Japanese technical aid became a neces- 
sity with the Japan International Cooperation Agency 
(JICA) taking on the study and NKK and Kobe Steel 
Carrying it out. 


Egypt’s crude steel production is currently about 2.5 
million tons annually. Because the sudden increase in 
domestic steel demand, primarily for construction, 
exceeded supply, nearly 500,000 tons per year was 
imported from former East European nations like 
Romania. Therefore, the need to expand production 
capacity of domestic iron and steel facilities is urgent. 


mma to Provide Forging Technology 
to na 

94FE0704D Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 20 May 94 p 19 


[Text] Sanjo Machine Works, Ltd. announced on the 
19th that it is promoting a project that provides forging 
technology to Rakuju [Japanese pronunciation] Forge 
Works (Guangzhou), a Chinese forge manufacturer. This 
project is a response to a request by Honda Motor 
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Company, a primary user, and a formal signing of a 
technology transfer agreement will take place this fall. 


Rakuju Forge Works is Honda’s motorcycle manufac- 
turer, and receives orders for forged goods from Goyo 
[Japanese pronunciation] Honda (Guangzhou), but a 
number of questions regarding quality and materials 
have emerged. Because there were plans for future 
expansion of facilities, a request came through Honda 
for technical guidance from Sanjo, which has a proven 
record in forging. 


Technicians from Rakuju Forge Works have already 
visited Sanjo twice. Sanjo technicians have also made a 
visit to Rakuju, and details will now be worked out with 
a formal agreement in early fall. 


Forged products make up 47% of Sanjo Machinery’s 
sales, which were 15.5 billion yen in March 1994. Most 
of this goes to Honda, and therefore “these talks won’t 
break off, unless there are exceptional circumstances” 
(Sanjo Director Hayakawa). 


Miura Chemical Provides Air Pollution 
Prevention/Filtration Technology to China 


94FE0704G Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 27 May 94 p 1 


[Text] Miura Chemical Equipment is providing Hiryu 
[Japanese pronunciation] Air Conditioning and Purifi- 
cation Industrial Equipment Factory (Chengdu, Sichuan 
Province), a Chinese environmental protection 
machinery manufacturer, with production and sales 
rights for air pollution and filtration equipment. This is 
the first time that a Japanese manufacturer has given a 
Chinese firm the technology for these devices. 


If the spread of technology is encouraged through local- 
izing production, technology transfer can be a significant 
way to help the environment; pollutants contained in the 
smoke from Chinese thermal power plants, which are 
also the source of Japan’s acid rain, can be eliminated. 


Technology was provided for soot, desulfurization, and 
noxious gas treatment equipment, to be used by power 
plants, cement factories, and steel mills, and for the 
manufacture of equipment separating solids and liquids, 
which is used in the treatment of associated wastewater. 
Royalties are 5% over a period of five years. The factory 
is taking this opportunity to change the company name 
to the Chengdu Miura Chemical Equipment Company. 


About 50 employees from the Chinese factory will be 
taken on for technical guidance each year, and techni- 
cians from Japan will be sent to China whenever neces- 
sary. The Chinese firm expects orders worth approxi- 
mately 120 million yen during the first year, and plans to 
begin local production in 1995. 


Currently, there are about 700 thermal power plants in 
Sichuan Province alone, but less than 10% of the coal- 
fired power plants are equipped with desulfurization 
devices. 
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The two countries strengthened their positions on 
dealing with the environment when Prime Minister 
Hosokawa visited China in March 1994, beginning with 
a mutual agreement on drawing up an environmental 
protection accord and an emphasis on environmental 
policies with a fourth credit in yen. The provision of 
environmental protection technology based on these 
developments is “a concrete way to improve the Japa- 
nese and Chinese environment” (Company President 
Miura). 


KHI To Provide Cogeneration Gas Turbine 
Technology to A , USA 


94FE0704E Tokyo NIKKAN KOGYO SHiIMBUN 
in Japanese 20 May 94 p 16 


[Text] Kawasaki Heavy Industries (KHI) announced on 
the 19th that it would provide technologies for manufac- 
turing and repairing cogeneration gas turbines to 
Applied Energy Systems of Oklahoma (AESO), an Amer- 
ican company. KHI concluded an agreement with AESO 
in March 1993 to supply simple gas turbines; however, 
due to circumstances such as the large demand expected 
from the U.S., Canada and Mexico, and the sudden 
change in the exchange rate causing prices based on the 
dollar to rise, AESO made a proposal for a manufac- 
turing license contract, and a mutual agreement has been 
reached. 


The technology provided to AESO is for a 1,500 kW gas 
turbine, the Kawasaki M1A-13. The U.S. and Mexico 
have been pre-approved by KHI and are limited to 
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loading the moveable cogeneration system; AESO has 
exclusive rights to manufacture, sell, and use the licensed 
product for 10 years. 


The system has two power generation devices, which 
combine a gas turbine and a generator, arranged side by 
side on a trailer. A waste heat recovery boiler and a 
control panel are on board. The system has no fixed 
regional regulations, and so is easy to set up and move, 
and its distinguishing feature is that it is economical, 
with savings in construction expenses and lowered costs 
due to mass production. 


KHI previously had orders from AESO for 86 gas 
turbines, with 60 already delivered. Now, this has been 
changed to technology transfer because: 


1. A large U.S. demand is expected because of the 
increased demand for power that follows economic 
recovery, 


2. Canada and Mexico, which have unfavorable condi- 
tions for electric power, will increase demand due to the 
North American Free Trade Agreement (NAFTA), 


3. Prices are rising in the U.S. due to an exchange rate 
that favors the yen. 


AESO was established eight years ago as an engineering 
firm specializing in energy projects. The company has a 
factory in a Tulsa suburb that constructs and operates 
moveable cogeneration systems, and produces 60 annu- 
ally. AESO will also build a gas turbine production plant 
by the end of 1994, and plans to produce 120 turbines a 
year by the summer of 1995. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















BULK RATE 
U.S. POSTAGE 
PAID 
PERMIT NO. 352 
MERRIFIELD, VA. 














This is a U.S. Government publication. Its contents in no way represent the 
policies, views, or attitudes of the U.S. Government. Users of this publication may 
cite FBIS or JPRS provided they do so in a manner clearly identifying them as the 
secondary source. 














Foreign Broadcast Information Service (FBIS) and Joint Publications Research Service (JPRS) 
publications contain political, military, economic, environmental, and sociological news, commentary, 
and other information, as well as scientific and technical data and reports. All information has been 
obtained from foreign radio and television broadcasts, news agency transmissions, newspapers, books, 
and periodicals. Items generally are processed from the first or best available sources. It should not be 
inferred that they have been disseminated only in the medium, in the language, or to the area indicated. 
Items from foreign language sources are translated; those from English-language sources are tran- 
scribed. Except for excluding certain diacritics, FBIS renders personal names and place-names in accor- 
dance with the romanization systems approved for U.S. Government publications by the U.S. Board 


of Geographic Names. 


Headlines, editorial reports, and material enclosed in brackets [] are supplied by FBIS/JPRS. 
Processing indicators such as [Text] or [Excerpts] in the first line of each item indicate how the 
information was processed from the original. Unfamiliar names rendered phonetically are enclosed in 
parentheses. Words or names preceded by a question mark and enclosed in parentheses were not clear 
from the original source but have been supplied as appropriate to the context. Other unattributed 
parenthetical notes within the body of an item originate with the source. Times within items are as given 
by the source. Passages in boldface or italics are as published. 











SUBSCRIPTION/PROCUREMENT INFORMATION 





The FBIS DAILY REPORT contains current news 
and information and is published Monday through 
Friday in eight volumes: China, East Europe, Central 
Eurasia. East Asia, Near East & South Asia, Sub- 
Saharan Africa, Latin America, and West Europe. 
Supplements to the DAILY REPORTs may also be 
available periodically and will be distributed to regular 
DAILY REPORT subscribers. JPRS publications, which 
include approximately 50 regional, worldwide, and 
topical reports, generally contain less time-sensitive 
information and are published periodically. 


Current DAILY REPORTs and JPRS publications are 
listed in Government Reports Announcements issued 
semimonthly by the National Technical Information 
Service (NTIS), 5285 Port Royal Road, Springfield, 
Virginia 22161 and the Monthly Catalog of U.S. Gov- 
ernment Publications issued by the Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402. 


The public may subscribe to either hardcover or 
microfiche versions of the DAILY REPORTs and JPRS 
publications through NTIS at the above address or by 
calling (703) 487-4630. Subscription rates will be 





provided by NTIS upon request. Subscriptions are 
available outside the United States from NTIS or 
appointed foreign dealers. New subscribers should 
expect a 30-day delay in receipt of the first issue. 


U.S. Government offices may obtain subscrip- 
tions to the DAILY REPORTs or JPRS publications 
(hardcover or microfiche) at no charge through their 
sponsoring organizations. For additional information 
or assistance, call FBIS, (202) 338-6735.or write 
to P.O. Box 2604, Washington, D.C. 20013. 
Department of Defense consumers are required to 
submit requests through appropriate command val- 
idation channels to DIA, RTS-2C, Washington, D.C. 
20301. (Telephone: (202) 373-3771, Autovon: 
243-3771.) 


Back issues or single copies of the DAILY 
REPORTs and JPRS publications are not available. 
Both the DAILY REPORTSs and the JPRS publications 
are on file for public reference at the Library of 
Congress and at many Federal Depository Libraries. 
Reference copies may also be seen at many public 
and university libraries throughout the United 
States. 











END OF 
FICHE 


DATE FILMED 
a7 ey GH 








